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A Study of Achievement and Subject Matter 
in General Science 
by Aveusr Dvorak. 
School of Edueation. University of Washington. 
CHAPTER VII. 
RELIABILITY OF THE GENERAL SCIENCE SCALE 
Tit three Forms of the General Science Seale containing 


SIXty items each were selected from the 500 items which eom 


posed the original General Science test. The question might 


arise why the particular items which compose the three Form 


were selected in preference to the items which were dise 


] 
reer 
i . 
repens 


| 
Of the total number of 300 items, 180 items were ret 
One hundred and twenty items were eliminated and were not 
even used for the composition of additional Forms of the 
General Science test for three reasons. 

) The items of a Seale Form follow a regular sequence of 
steps or levels of diftieults one-tenth of a P. E. apart. Ret 
erence to Table IT shows that there was a large number of 
if ms near the middle of the range of diftienlty, i. e.. at about 
8.0 P. E. above zero, with a dearth of items at either extreme 
of the range. In order to have Seale Forms each with a range 
of 3 r.. E., it was necessary to start one Form with items at 
5.7 P. E. and two Forms with items at 6.7 P. E. This process 
took six items at each level of dithienltv hetween 6.7 P. F. 
and 8.6 P. E., and as a result all the items at some levels had 
heen exhausted. There are, therefore, three forms of the seale 
whieh are entirely different in material. To have made an 
other form would have meant using some items in two or more 
forms. This was thought undesirable. While 129 items still 
remained, they were not of such diffieultv or value as to form 
even one sequence of sixtv items over a range of 3 P. EF. As 
had been anticipated during the construction of the original 
General Science test, all of this original material could not be 


used. This instead of being a calamity was really quite 


fortunate. 


145 
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(2) The elimination of certain items permitted a scientific 
selection of items. As has been stated, certain objectives of 
General Science were to be kept in mind in the construction 
of the Seale. No item was to be retained in the final Seale, 
the achievement of which by pupils did not contribute to the 
objectives of General Science as previously outlined. It would 
have been deemed advisable to use material from but one 
specific field of science if that material seemed to contribute 
most towards the objectives of General Science. In the writer’s 
opinion, the science material which contributes most towards 
the objectives of General Science is a mass of elementary, 
fundamental material which several decades ago might well 
have come under the heading “Natural Philosophy” or which 
today is classified by a number of research men in various 
tields of science as material which “commonsense should make 
apparent.” The frequency with which many of the items in 
the General Science test were done unsuccessfully by high 
school pupils indicates the fallacy of the latter characteriza- 
tion, unless one were to assume a paucity of “commonsense.” 

An analysis of the 180 items selected for the Seale Forms 
results in a grouping of the following numbers of items under 


eight specialized sciences. 


Taste IIT 


Distribution of Items of Three Scale Forms under Hight 
Specialized Sciences 


Number of Items 


SCIENCES Scale Forins R-1 $-2 T-2 

| ES 1G fears addins Sinlne oie ork sim a Rea aes 6 ale 4 6 7 
Ms SE a sg ys) kad io lees wide eae NES { 8 6 
Ds EE MCMMIOE. . cccacaccguavaanaanan 3 2 2 
i, I ks cane an tetas aeeeee wees 3 7 8 
ee, SE pan oh bia niu) wee) waa ae aoa eietn Sian 15 5 5 
DME sien en act tvagsen ws Sede eaeweaee 20 21 23 
Ri, NET Sw d anroisia Shin so eR Oe wee G aie 6 3 4 
DWE Scat ceuacuntare nes cawmeeaeany bon 5 8 5 

FE. Noses Psnccelatneseoretanies 60 60 60 


While another person classifying these same items might 
make a slightly different classification than the one which is 
given above, the above classification is an indication of the 
* Geography is considered in its widest sense—including even Astronomy, 


Geology and Physiography. 
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fairly uniform distribution of the items among the basic sci- 
ences. An item like “Flies lay their eggs in wood, on the 
water, in animal and vegetable waste, in nests, in the sand,” 
might be classed either as Zoology or as Hygiene. Irrespective 
of the science to which it belongs, knowing it contributes to 
“Health” and makes it a good General Science item. In 
connection with the classification of General Science items, 
Webb’s data’ which have been previously cited (see Chap. 
III), are apropos. 

(3) It was found that some of the items inserted in the 
original General Science test were ambiguous or weak or not 
sufficiently objective. These items, therefore, were discarded 
because of their structural inefficiency. 

Examination of many of the items in the General Science 
Seale shows that ordinarily some of them would be taught in 
as many as three or four specialized sciences. ‘“Capillarity,” 
for instance, is legitimate subject matter for Physics, Chemis- 
try, Botany, Agriculture, Physiology and Zoology. Likewise 
the effect of air pressure (Boyle’s Law) is usually legitimate 
subject matter for Physics, Chemistry, Domestic Science and 
perhaps Biology. In other words, certain subject matter is 
fundamental to several specialized sciences. Usually teach- 
ers of these more advanced and specialized sciences cannot 
take for granted the possession of these fundamentals by their 
students, therefore each teacher duplicates the instruction. 
This fundamental material in General Science, besides being 
a prerequisite for more advanced sciences, fulfills the objec- 
tives of General Science. 

The subject matter of the original General Science test was 
considered by at least a dozen General Science teachers to be 
so inclusive that they have asked for permission to inclnde the 
General Science test material in their course of study, sub- 
dividing it and using its various items as a skeleton for vari- 
ous parts of the course. Therefore, while it is understood that 
other material might have been included in the Seale, it is 
believed that the material actually included, if it satisfies other 
requirements, is adequately varied and adequately inclusive. 


B. Correriarion wirn Orternart Gexerart Scrence Test. 


In a previous chapter evidence has been presented which 
showed that the original 300 item test had unexpected relia- 
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bility, as evidenced by its correlation with certain criteria of 
General Science ability. The original test would therefore 
serve as one criterion for ascertaining the reliability of the 
final: Seale. With that purpose in mind a number of the 
original 300 item papers, selected at random by taking the 
first 100 in each grade for the five grades of boys who had 
not had General Science (Sth, 9th, 10th, 11th and 12th 
erades), were rescored on the basis of Form S-2. That is, 
the original 300 item papers contained the 60 items which 
now comprise the Form S-2. By counting up the errors on 
those 60 particular items, it was possible to give each paper 
an S-2 Seale Score which indieated the pupil’s achievement on 
the 60 items, which comprise Seale Form S-2. The 300 item 
test scores were correlated with their S-2 Seale scores by the 
product-moment method. The coefticients of correlation 


ranged from .S1 to .95 for the five grade groups. 


I¢ i" 

19 Sth grade boys, Test and Seale scores, r equals .87 P. E. .02 
100 9th erade boys, Test and Seale scores, r equals 93 P. E. 01 
100 10th grade boys, Test and Seale scores, r equals .90 P. FE. .01 
100 llth grade boys, Test and Seale scores, r equals .905 P. FE. .01 
LOO i2th gerade boys, ‘Test and Seale scores, + equals .81 P. FE. .02 

eee 882 P. E. .015* 


From these coetticients of correlation it is evident that if 
the original test had fair reliability, the abbreviated Form of 
the original test (Seale Form S-2), having exceptionally high 
agreement with the original test, must, therefore, approximate 
the original test in its reliability. Evidence will be presented 
later that the Seale Form S-2 actually was more reliable 
than the original test. That these coefficients are not higher, 
is largely due to the errors of the test. 

C. Correnarion anp AGREEMENT OF TEST AND SCALE 
MeEprans, 

Additional data obtained in the study of corelation between 
test and Seale are also significant. In Chapter VI it was in- 
dicated that when the rank order of difficulty for any item had 
heen secured from as many as 215 papers, adding 215 papers 
did not materially change its relative position, as evidenced 


by a rank order correlation coefficient of .98 between a rank 





*P, FE. of r when 7 equals .882, not a mean. 
| 
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order on 215 papers and a rank order on 430 papers. In this 
part of the study it was found that by taking 100 papers in 
each grade group, the medians for the five groups of 100 
papers each did not differ from the medians on as many as 
500 papers by as much as an average of one-sixth P. FE. of 
the distribution. The P. E.s of the medians of distributions 
having 500 eases with a P. E. of distribution of 22 were one 
point. The P. E.s of medians of the distributions having 100 


cases with P E.s of listribution of 22 were firo points, 


TEST AND SCALE MEDIANS 


300 Item Test Seale S-2 
On original group On 100 cases On 100 eases 
\ Sigma B Sigma ( Sigma 
eee Sa edt 155 31.5 154 26.7 80 5.5 
en ee née aw ree 162 33 165 34 81.5 7.1 
ee BE wiccas ene 168 33 173 34 84 6.5 
MeRE Te 6 nccc acces ISS BBS 190-28 89 6.1 
| ees 190 22.5 194 25.4 89.5 5.5 


The ceoeticients ot correlation between the medians of col 
umns A and C and of columns B and C are .993 and .986 re 
spectively. Further evidence of the marked agreement be 


tween the test and Seale scores is viven in igure LT. 
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It is clear from this figure that it would be possible to make 


up a table of scale scores and their corresponding test scores 
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which would enable one immediately to translate a scale score 
into a test score and vice versa. In Figure IT three systems of 
ordinates of varying lengths have been arranged in such man- 
ner that the extremes of all curves coincide. Lack of agree- 
ment among the three sets of medians must therefore appear 
in divergence of the central parts of the curves. Reference to 
these data will again be made in Chapter VIII. 

D. Srtr-CorrELation, 

Since Seale S-2 and Seale T-2 were constructed to be of 
identical difficulty, both these Forms were given to a number 
of pupils to ascertain the agreement between them. School A 
(Stillwater, Minnesota) gave the two Seale Forms to 140 
pupils who were taking General Science and had completed 
thirty weeks of the course. Results follow. 

SCHOOL A. 


Form 8-2 Form T-2 
re GRE. 56.6 ocuen kee 140 140 
BD. sé cca cinawaeaebe de sewn kaw ee 92 86 
CL, b6bpke cheb Senge wdwwenaney 6.1 4.1 
ia ae Oe SN Soin ssnkueneas 2.8 1.9 
ee eS re an 6 A 
Piptacteunesne seiko .70 yet... 


Had the two Forms of the Scale been twice as long or had 
the combined results of twe repetitions of the same Forms 
been secured, r would have equalled .903.¢ 


The same Seale Forms were given to two groups of School 
B (University High School) pupils, all of whom had been 
taking General Science for thirty weeks, for the first time. 
Their results were: 

SCHOOL B (First Group). 


Form 8-2 Form 'T-2 
PT COE acscaesreweunskeee 24 24 
ION 9-5 5:00 ddc% ROR eR end 87 87 
PD, osGanerv.cnseteteantee ceuwn 5.8 4,7 
ee SS. ab nd waeeeecanen 2.4 2 
ee rr rrr 1.4 1.2 
COE COT ES eT Be P. E. of r... .05 


Had the two Forms of the Scale been twice as long or had 
the combined results of two repetitions of the same Forms 
been secured, 7 would have equalled .93. 


*P, E. of estimate equals .6745 Sigma 1—r2 

6745 1Y4,8.D. Distribution 
7 P. E. of median equals — ———____——. - 

V No. cases 
Nr 
t Brown’s formula: r_ equals - - ——— where N equals num- 
1+ (N—1)r 
ber of repetitions and r, equals desired coefficient of reliability. 
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} SCHOOL B (Second Group). 
} Form S-2 Form T-2 

i CN i es beeen eee 34 34 

DD .hatkines anes bk a eke awe 84 82 

PE ciGieenaee as innidee hos Enea 5.8 1.0 

ye Oe A Ee ee 2.6 1.9 
ee eg ee ee i3 8 
PF énnsddiatensinpeaanes 71 ee fee 

| Had the two Forms of the Scale been twice as long or had 
| the combined results of two repetitions of the same Forms 


been secured, * would have equalled .915, 


These data show that as a device for measuriug the pupils’ 
achievement in General Science, the Scale Forms have fair 
reliability, as is shown by an average self correlation coefficient 
of .73 and an average P. E. of estimate of 2.2. As a device 
for measuring class achievement in General Science the Scale 
Forms are really very reliable, as is indicated by an average 
P. E. of medians of .9 and with close agreement of medians. 
Explanation of the difference of the medians on S-2 and T-2 
is found in the case of School A to be due to the fact that 
this school offers an exceptionally fine course in Biology which 
is elected by most pupils and therefore omits from its Gen- 
eral Science course as much biological material as possible. 
Because the items on Biology are not equally distributed in 
the Groups I, II, and III, failure on the Biology items in 
Group III where they are of most value had a tendency to 
lower the scores in Scale Form T-2 for this group of pupils. 


_ 


FE. Correiarion with INTELLIGENCE Test Scores. 
Correlation of General Science achievement scores on Scale 
Forms 8-2 and T-2 with the intelligence test scores was com- 
puted for two groups of pupils. In both groups the correla- 
tion coefficient between intelligence test scores and General 
Science Scale scores was high. For 90 cases from Central 
High School, all of whom had taken General Science one vear 
previous, the Pearson coefficient of correlation between Gen- 
eral Science Scale scores and mental age in months from men- 
tal test scores (Haggerty Delta 2*) was .741, P. E. .03. For 
81 cases a similar coefficient was .727, P. E. .035. For the 
University High School group of 50 eases the coefficient of 
correlation between mental test scores (Miller Mental Ability 
Test,+ Form A.) and the scores on the General Science Seale 
*M. E. 


Haggerty, University of Minnesota. World Book Company. 
7 W. S. Miller, University of Minnesota. World Book Company. 
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Form S-2 was .603, P. KE. .06. For the same mental test 

scores and the General Seience Seale Form T-2, r was .745, 

P. EK. of .05. For the same mental test scores and the average 

of the General Science Seale scores for Forms S-2 and T-2, 

a was .633, P. EK. of .057. 

i. CorreLatioN BETWEEN GENERAL ScrencE Marks AND 
SCALE SCORES. 

To compute the relationship between General Science Seale 
scores and the marks that the pupils received in General Sci 
ence, data were used from three schools. For School A, the 
Central High School in Minneapolis, data were available giv- 
ing marks received in General Science a vear ago by 90 pupils 
and also Seale seores in Form S-2 made April 6th, 1923.* 
These data gave a correlation of .50 (.496), P. EF. .05. School 
B, Stillwater High School, gave the Seales 8-2 and T-2 April 
18th, 1923 to pupils who had taken General Science for about 
thirty weeks. By using an average of the monthly marks 
given by teachers for achievement in General Science, the 
following results were obtained. 


\verage 


$-2 T-2 $-2 & T-2 Marks? 
Number cases 140 140 140 140 
Median 92 86 88 85 
Sigma 6.1 4.1 ‘1.5 §.7 


‘equals .72 P. E. .03, between Form S-2 scores and marks. 


¥ » 
i 2 

r equals .70 P. E. .08. between Form 'T-2 scores and marks. 
r 


r equals .74 P. E. .03, between Average of Form S-2 & T-2 scores and 


marks. 

School C, the University High School, had 58 pupils in 
two groups, all of whom had taken General Science from Sep 
tember until April 20th. Final marks were available for two 
complete quarters and were evaluated on the basis “A” equals 
6, “B” equals 5, “C++” equals 4, “C” equals 3, “C—” equals 
o. Par" equals 1, and “F” equals O. Results follow. 


\verage 


Group | S-2 T-2 S-2 &'T-2. Marks 
Number cases 24 24 24 24 
Median 87 87 87 8 
Sigina 5.8 4.7 5.0 2.7 


P. FE. .06 for Form S-2 seores and marks. 


“equals .7 


3 
‘equals .64 P. FE. .08 for Form 'T-2 scores and marks. 


‘equals .75 P. E. .06 for Average of Forms S-2 & T-2 scores and marks. 


* Data furnished by J. E. Bohan (unpublished thesis). 


+ These marks were in percents, not letters. 
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\verage 
Group II S-2 T-2 S-2 & T-2 Marks 
Number cases o4 34 4 ) 
Median 84 82 82.5 6.0 
Sigma 5.8 1.0 1.6 2.8 


r equals .71 P. E. .06 for Form S-2 scores and marks. 
r equals .67 P. E. .07 for Form T-2 scores and marks. 
r equals .82 P. E. .04 for Average of Forms S-2 & ‘T-2 scores and mat 

In view of comparison of the above data with data previ 
ously given for the original 300 item General Science test, 
it is believed that the General Science Seale Forms R-1, S-2 
and T-2 are even more reliable than was the original 300 item 
General Science test. Besides being more reliable, a Form of 
the Seale can be done by pupils of average capacity in twelve 
minutes, whereas the original test took one hour. The tink 
required for scoring has been reduced to a minimum. The 
probable error of a measurement or estimation has been r 
duced from 10 points on the original test to 2 points on the 
60 item Seale Forms by the elimination of unreliable items 
from the Seale. This reduction of the P. EK. of estimation 
was effected without a corresponding reduction of group score 
medians, hence the reduction of P. E. from 10 points to 2 
points is indication of greater reliability. 

Seale Forms S-2 and T-2 are of equal diftieulty and are so 
constructed that a score of SO is the median achievement for 
%th grade pupils who have taken General Science one vear. 
This was established on the basis of the achievements of 1760 
pupils. Seale Form R-1 is one P. E. or 10 points easier than 
Seale Forms S-2 and T-2. Therefore the median achievement 
for 9th grade pupils who have taken General Science one vear 
is 90. Beeause of the known difticulty of each Form, the three 
forms may he used interchangeably to check up class progress 
in General Science from term to term, or they mav be com- 
bined to seeure still more aceurate measurements of class or 


pupil achievements in General Science, 


CHAPTER VIII 
COMPARTIVE STUDY OF ACHTEVEMENT IN GENERAL SCIENCE, 
In Chapter VII, under ahs ia data were presented which 
showed that, based on approximately 500 papers in five groups 
of 100 each, in which the original 300 item tests were reseored 
on the basis of one of the Seale Forms, the coetticients of cor 


relation between distributions of test and Seale scores ranged 
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from .81 to .93 with a mean of .882. This would indicate 
that where distributions were used, distributions of either test 
or Seale scores would give approximately the same results, and 
that any statement made on the basis of test comparisons 
would have approximately the same justification on the basis 
of Seale comparison, as indicated by the coefticient of correla- 
tion of .882. In “C”, however, when grade medians on test 
and grade medians on Scale Form 8-2 were correlated, they 
gave a correlation coefficient of over .99. These correlations 
mean that any comparison made on the basis of the test would, 
with reference to an individual case, receive only as much 
justification by the Seale, or vice versa, as is indicated by a 
mean positive coefficient of correlation of .882. Any group 
comparison, however, made on the basis of a median of test 
scores, would receive practically identical justification on the 
basis of a median of Seale scores, or vice versa, as is indicated 
by a coefficient of correlation of .99 plus. Inasmuch as re- 
scoring approximately 9,000 300-item tests on the basis of 
the Seale would be a laborious, time-consuming process, and 
inasmuch as comparisons between the General Science test 
and other criteria were only slightly inferior to those of the 
Seale and the same criteria, and inasmuch as most of the 
comparisons are to be group comparisons, it was decided to 
base the study of achievement on the scores for the 300 item 
test which had already been made available. In other words, 
the development of the Scale Forms was necessary in order 
to prove that the original test was sufficiently accurate for: 
measuring group achievement. The Scale Forms are a good 
check on the test medians. Since, however, for group com- 
parisons the test medians give the same results as the scale 
medians and the test results were already at hand, the Seale 
results need not for economy’s sake be used for this part of 
the study. 

The following paragraphs are discussions of some of the 
comparative studies which have been made of the achievement 
in General Science as indicated by the 300 item test. If 
these studies were to be repeated it would be advisable to use 
one or more of the Seale Forms to secure data on pupils’ 
General Science achievement because being now available the 
scales are much more economical of time and effort than was 
the test, but since the test data were already at hand they 
were used. 
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A. Comparison or Group AcuIEVEMENT IN INpIVipUAL 
SCHOOLS. 


To facilitate the treatment and to increase the accuracy of 
data, results on each group were kept separately for each 
school. That is, all the data for the —8G were not only kept 
separately but were also subdivided according to schools from 
which they came. Thus it was possible to locate the results 
for —8G for School A, B, or K at will. Furthermore, since 
each of the administrators of the twenty-two schools co-oper 
ating in this study desired to have data on the achievement 
for his school compared with the rest, it was a matter of 
compilation of individual group results to formulate in tab 
ular form the data by schools. 

These data were on the first 221 items, which enabled the in 
clusion of practically 9,000 cases. To have compared achieve 
ment on 300 items would have allowed the use of about two 
thirds of the data or about 6,000 cases. Data in Chapter V 
show that 300 item results on the General Science test and 
221 item results on the same test agree to the extent of giving 
for a large number of the cases a product-moment correlation 
of .98 between the two. Therefore the comparative results by 
schools are as accurate for the 221 item test as they would 
have been had 300 items been used. They are in fact more 
accurate in the case of these data because of the additional 
3,000 cases, the use of which was made possible by including 
the first 221 items of the test only. 

These 9,000 cases included about 90% of all papers sub 
mitted. The 10% which had been eliminated were not used 
because (a) the pupils did not do as much as three pages in 
the original test, presumably because insufficient time was 
allowed for the test, (b) pupils had omitted necessary infor- 
mation such as their name, grade in school, and sciences taken, 
and (¢c) pupils (a small number) had misunderstood diree- 
tions and in one way or another rendered their papers 
valueless. 

With reference to the first reason given for elimination, in 
an examination of time taken for the test and the score ob- 
tained, the writer found that there was no relationship between 
time and success in the test. Four hundred and forty cases, 
over as wide a range of test scores as possible, were studied. 
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The wide range of scores selected gave excellent conditions 
for securing { high coeticient of correlation. These data, 
however, PAVE a product moment coctticient ot correlatl n ot 
09 with P. EK. of .08 between time in minutes and score 
achieved. This result is easily explained by the fact that 
the directions for giving the test stated that no time limit was 
to be used. Directions of this kind would naturally caus 


t 


to work at comfortable rates rather than at maximum 


papas 
Speed, 

Examination of the Test data ror the different schools shows 
that schools differ quite markedly in their achievements on 
this General Science test. The fact that a course in Geners 
Science was previously taken gives the obvious results in all 
cases, namely, higher scores for pupils of any grade who have 
taken General Seience than for pupils of the same grade in 
the same school who have not taken General Science. With 
regard to the latter result, some data will be presented later 
recarding the selective influence of General Science where the 
subject is elective. With regard to school achievements, the 
difference is in part at least due to differences in native abil- 
itv and in part to the kinds of courses which are offered in 
the different schools. If the latter statement is really true, 
one of the valuable results of this study is to make available 
«a deviee for measuring achievement in General Science, the 
use of which would be one of the first requisites in a study of 


the achievements in various courses in General Science. 
B. OVERLAPPING. 


It was possible to compute the degree with which the 
achievements of one of the grades studied was similar to the 
achievement of the grades above and below it. That there is 
an overlapping of the distributions of scores for the differen’ 
grades is obvious from these data. 

Inasmueh as the test results were seeured on the pupils’ 
responses to the 300 items, and also on the first 221 items of 
the test, two sets of data were available. Table TV (Distribu- 
tion of Scores of S970 Cases on the First 221 Ttems of the 
General Science Test) shows how some pupils in practically 
all grades made identical scores in spite of a gradual increase 
in median seores. Table V (Percentile Scores on the First 
221 Items Made by 8970 Cases Computed from Table IV) 
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makes the overlapping of scores more obvious because it makes 
it possible to compare the scores of different portion { perce nt- 
iles) of the different “groups.” Table VI (Distribution of 
Scores of 5980 Cases on the 300 Items of the General Science 
Test) and Table VIL (Percentile Scores on 300 Items Mad 
by 5980 Cases) computed from Table VI show similar data 
on the basis of the 300 item test. Figure IIT (Distributions 
of the General Science Test Scores for 300 Items) is a graphic 
representation of the data found in Table VI. The gradual 
shifting of the median line to the right with the overlapping 
of surfaces needs no explanation. Figure IV (Percentile Dis- 
tribution of Scores Made on 300 Item Test by Different 
Groups of Pupils) illustrates the data of Table VII. 
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Taste IV 
Distribution of Scores of 8970 Cases on First 221 Items of 
the General Science Test 


SCORE —8G —8B 4+8G +8B —9G —9B +9G +9B —10G—10B+10G+10B 








20— 24 1 

25-— 29 “re 

30-— 34 1 ee oe 

35— 39 2 2 1 1 we 

40— 44 1 4 ee ; 2 

45-— 49 6 1 2 2 1 2 —- 
50— 54 8 5 2 as 3 a 1 
55— 59 13 11 ar 12 7 1 3 8 2 : 
60— 64 24 17 1 13 4 1 1 6 3 ee 2 
65— 69 $4 28 1 a 36 10 4 5 17 3 1 1 
70— 74 52 25 1 1 43 13 6 10 34 11 2 3 
75— 79 73 35 1 1 85 2 10 10 46 16 5 5 
80— 84 84 40 5 3 87 38 20 17 66 25 13 8 
85— 89 85 58 9 2 117 42 18 18 78 24 16 12 
90— 94 74 56 6 1 100 44 44 35 94 36 20 16 
95-— 99 44 63 2 5 99 37 61 7 92 26 32 30 
100-104 40 42 5 7 57 50 35 49 78 45 53 22 
105-109 25 46 3 2 60 42 58 36 72 45 42 27 
110-114 14 23 6 7 33 32 59 57 57 37 62 36 
115-119 8 28 5 4 28 22 66 52 32 43 56 40 
120—124 5 14 2 4 16 18 45 35 36 29 36 39 
125-129 2 7 4 13 15 24 43 20 21 37 40 
130—134 2 2 1 3 5 11 34 37 10 7 20 32 
135-139 we 3 3 4 5 13 43 5 12 10 30 
140-144 “" a 2 1 6 13 35 1 9 15 20 
145-149 Ae 2 oh 2 7 16 2 8 8 18 
150-154 ie 1 1 1 3 7 17 7 3 19 
155-159 re 2 2 11 1 5 2 13 
160-164 vis si a oa ; 3 7 1 1 11 
165-169 - i oe a bins 1 1 1 1 1 5 
170-174 ‘A . ie ae Bip 1 i's 1 ~ 6 
175-179 or 1 1 1 2 
180—184 2 
185-189 ws in ~ — “se Ss — oe ee 
190-194 re - oe oe ee on on 1 1 
195-199 
200 


on 
> 
|e 
pat | 0 


Total No. 608 520 19 51 815 433 532 568 763 416 4: 











Distribution of Scores of 8970 Cases on First 221 Items of 


SCORE 
20- 24 
25- 29 
30— 34 
35- 39 


O— 44 


i a Os t 
ue 


—11G—11B 


Taster LV (continued) 


the General Science Test 


+11G+11B —12G-—12B+-12G+412B 
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UNIVERSITY 


I 


Mm I IV T.C. 


459 













R96 e° oe oe 
- 49 1 1 1 

50— 54 B -c<s : 2 . 
55- 59 6 1 2 :; - 

60— 64 2 o. . 1 3 ee 1 . 
65- 69 8 1 2 2 1 1 

70- 74 14 2 5 me 8B wt 

75-79 20 2 f « Sa 4 

80— 84 26 «610 9 4 a 8 . 
ss-s9 33 9 15 2 18 2 6 .. _ 
90-94 58 12 17 3 2 4 11 2 2 
95-99 57 14 21 5 3: 8 13 2 es 
100-104 62 17 21 8 40 10 21 3 - : 
105-109 59 25 46 #12 #41 #«410 #2F = 3 1 2 
110-114 48 37 37 21 #43 #«17 «26 ¢~=65 (ee 4 
115-119 48 23 34 22 6&3 2 22 #8 1 2 .. 4 
120-124 44 36 39 22 36 23 2 91 3 «1 4 
125-129 38 24 25 19 33 16 35 20 .. 5& .. - 
130-134 24 35 26 27 31 #18 31 2 1 2 «1 7 
135-1389 23 34 18 24 24 24 23 24 2 9 2 

140-144 9 23 10 81 16 31 #19 26 4 15 2 2. « 
145-149 'ms FRTRenRtnHeinttis& 
150-154 4 16 7 #20 12 2 17 11 22 3 2 2 
155-159 eae in s&s 6 We 6 ws B 
160-164 1 8 . @& 8 3 €£.232.4. 0 B.-A 
165-169 3 $f & @ .. . . Bem ée i 
170-174 2 1 a2; 2 © 4.64. 5.2 
175-179 1 . 2. @ 2 °s Ow Ff. 4 
180-184 3 1 4 2 > =.= 2.9 
185-189 2 2 i268 1 «. 
190-194 6 3 
195-199 1 1 
200- . aT + > . 
Total No. 600 366 351 309 479 300 323 226 32 248 46 21 32 
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Percentile Scores on First 221 Items Made by 8970 Cases 


























Total No. 


8970 


SCORES 

Percentile: 0 1 10 20 25 30 40 
Group No. cases 

—8 Girls 608 20 47 65 71 74 77 81 
= = 815 35 56 72 77 80 83 86 
—10 = 763 40 55 75 82 85 87 92 
—1l11 ais 600 40 56 81 90 93 95 101 
—12 ™ 479 40 63 87 96 100 103 109 
+8 Girls 49 35 os 79 84 86 87 91 
eae ™ 532 55 69 88 95 97 99 106 
+10 - 435 65 76 91 99 101 103 108 
+11 - 351 35 67 90 99 102 106 110 
+12 - 323 60 77 95 104 107 110 117 
—8 Boys 520 35 43 66 75 79 82 88 
—9 “a 433 45 56 76 82 85 88 93 
—10 416 55 64 81 89 93 95 102 
—11 366 45 72 94 105 109 112 118 
—-12 i 300 65 84 106 116 119 122 130 
+8 Boys 51 60 ee 82 96 98 100 104 
+9 ” 568 45 65 87 97 101 104 111 
+10 441 50 70 92 102 107 110 116 
+11 309 45 82 107 116 119 123 130 
+12 , 226 90 97 119 128 130 134 137 
University 1 32 115 - 135 142 143 147 157 
sia 2 248 105 119 140 150 153 155 161 
= 3 46 120 142 154 157 159 162 
7 4 21 145 154 162 163 164 171 
Teachers Coll. 32 90 103 108 110 113 117 
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TABLE V 
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SCORES 
Percentiles: 50 60 70 75 80 90 99 
Group 

—8 Girls 84 88 92 94 97 104 123 
—_ sag 90 94 98 100 104 112 132 
—10 4 96 100 105 108 111 119 137 
—1l11 a 105 111 117 120 124 152 157 
—12 * 114 119 125 129 133 143 165 
+8 Girls 95 102 107 111 113 118 as 
+9 - 111 115 119 122 124 133 155 
+10 san 112 116 120 123 126 134 154 
+11 " 114 119 124 128 130 138 165 
+12 = 124 129 134 137 141 150 175 
—8 Boys 92 96 101 104 107 116 145 
—-9 - 98 103 108 111 114 125 150 
—10 106 111 117 119 122 135 157 
—11 = 124 130 135 138 141 151 167 
—12 - 137 143 148 150 153 159 181 
+8 Boys 111 116 122 125 128 136 sil 
+9 ” 116 121 128 132 135 144 168 
+10 ” 122 127 134 137 141 153 175 
+11 ” 135 140 147 150 154 163 183 
+12 iad 142 147 155 158 161 168 184 
University 1 162 168 172 174 176 179 0 
fe 2 164 169 173 175 177 183 194 

= 3 164 169 173 175 176 180 

- 4 175 177 180 182 185 191 


Teachers Coll. 
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TasLe VI 


General Science Test 
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14 
19 
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74 
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2 | 1 
4 5 1 1 
5 5 4 le 
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6 9 2 3 os 

23 ? as ? 3 2 
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27 9 1 16 2 5 

26 16 1 3 13 6 4 

33 21 1 29 9 4 

16 21 1 2 33 9 10 

18 19 2 1 24 19 13 

49 25 { o 38 16 18 

39 25 2 4 19 17 18 

44 33 5 1 50 28 20 

25 39 5 1 $1 28 28 

14 26 3 4 3 18 24 

23 23 1 3 26 16 33 

24 32 3 3 26 19 3% 

7 19 1 2 29 19 34 

4 11 { 5 12 15 31 

3 16 5 1 12 12 32 

{ 8 2 4 7 9 31 

{ 4 3 6 9 22 
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I 3 3 i3 
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Distribution of Scores of 5980 Cases on the 300 Items of the 


SCORE 
~20— 24 
25-— 29 
30- 34 
35- 39 
40- 44 
45-— 49 
50- 54 
60— 64 
65-— 69 
70- 74 
75-— 79 
80—- 84 
85-— 89 
90— 94 
95- 99 
100-104 
105-109 
110-114 
115-119 
120-124 
125-129 
130-134 
135-139 
140-144 
145-149 
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170-174 
175-179 
180-184 
185-189 
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Total No. 
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Taste VII 


Percentile Scores on 300 Items Made by 6053 Cases 





SCORES 
Percentile: 0 1 10 20 25 30 40 
Group No. cases 
8 Girls ~ 500 29 54 84 94 99 103 109 
9 - 482 23 67 98 107 110 115 121 
—10 sid 513 60 72 107 116 119 122 129 
11 pe 440 45 84 115 129 133 136 143 
—12 - 347 84 99 129 139 145 148 156 
+8 Girls 44 54 69 104 117 119 122 128 
+9 7 437 50 89 113 128 132 137 144 
+10 7 261 102 106 127 138 139 144 151 
+11 “ 197 63 104 123 138 143 147 151 
+12 - 192 99 104 134 147 152 159 171 
—8 Boys 400 50 59 87 101 107 111 120 
—9 - 300 58 74 105 116 121 124 130 
—10 ” 289 84 89 116 126 130 136 143 
—11 i 263 69 104 134 147 154 158 165 
—12 - 210 104 120 152 165 168 173 181 
+8 Boys 49 95 95 108 124 133 138 147 
+9 - 430 75 78 117 131 138 142 152 
+10 - 242 67 89 128 140 146 150 159 
+11 - 143 54 110 151 166 170 172 183 
+12 ” 141 103 130 160 171 179 180 184 
University 1 9 190 ar 190 199 201 208 219 
7 2 134 125 175 198 210 214 218 224 
- 3 i8 189 ~ 205 214 215 216 219 
“ 4 6 206 ‘a es - 212 
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Percentile Scores on 300 Items Made by 6053 Cases 
SCORES 
Percentiles: 50 60 70 75 80 90 99 100 
Group 
—8 Girls 114 119 125 128 132 144 174 184 
Shs 126 131 137 142 146 155 184 202 
_ * 135 140 148 150 155 167 203 222 
‘11 = 150 157 164 168 172 183 207 217 
-12 - 162 169 177 181 186 200 224 239 
+ Girls 131 139 148 157 159 163 175 179 
+9 * 150 157 163 166 171 184 214 236 
+10 “ 157 163 168 172 178 «189 2 228 
+11 “ 158 165 174 178 183 197 224 231 
+12 “ 175 183 189 192 197 206 239 249 
—8 Boys 127 #133 «6139 «©6145 147 15% 178 184 
9 “ 135 144 152 156 161 180 209 235 
10 “ 150 157 165 167 173 190 219 233 
“a. * 172 178 187 191 197 210 227 230 
s * 199 196 203 207 212 220 246 262 
+8 Boys 155 162 170 174 176 183 195 195 
+9 « 162 169 179 183 187 199 225 244 
+10 “ 168 176 184 190 194 213 234 257 
+11 “ 188 194 203 207 213 224 247 251 
+12 * 199 196 204 209 213 228 244 255 
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Frguativ (e) 
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A glance at either table of distributions or of percentile dis- 
tributions for scores on 300 items or on 221 items, will show 
that the medians varied from grade to grade and from group 
to group. To facilitate comparisons the medians for each 
grade and group on both the 300 item and the 221 item dis- 
tributions, the medians have been plotted in Figures V 
(Medians by Grades on First 221 Items of General Science 
Test Involving 8,591 Cases) and VI (Medians by Grades on 
300 Items General Science Test Involving 5,970 Cases). 

Naturally at least three questions might be asked relative 
to the data and figures presented, namely, (1) How reliable 
are the medians presented? (2) Are the groups of equal 
variability? (3) Are the differences noted between the medi- 
ans of the different groups real, significant differences or are 
they the result of chance ? 

The computation of the answers to these questions are too 
extended to be presented in detail, therefore a summary of 
each will be presented. To find any particular detail will 
entail small effort on the part of the reader. 

(1) The medians for both the 221 and the 300 item dis- 
tributions are reliable. For the 2°00 item distribution the 
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P. E.’s of the medians computed by the formula 
, , 144 P. E. of Distribution” 
P. E. of median = ———— w__:C 

‘ange from .8 to 1.8 points. For the 221 item distribution 
the P. E. of the median range from .4 to 1.0. In other words, 
were these distributions extended infinitely, the chances are 
even that in the least reliable group the median (50 percentile ) 
would not vary by more than 1.8 points from that given in 
Table VII, and 1.0 points from that given in Table V. The 
quartile deviations for the twenty groups are likewise very 
constant, varying from 141% to 22% in Table VII, and from 
10 to 15% in Table V. 

(2) The variability of the groups decreases in the upper 
years. Seniors are less variable in their achievement on the 
General Science test, especially if they have taken General 
Science, than are 8th grade pupils who have not taken Gen- 
eral Science. A course in General Science tends to ent down 
the variability in the test. Using the formula, 

Variability coefficient = = Quartile per. 
; Median 
the coefticient of Variabiliay varies in the 300 item distribu- 
tions from 12. 7 for —SG, the most variable, to 8.0 for +12RB, 
the least variable group. In the 221 item distributions, the 
variability coefficient varies from 12.0 for the —-8G, to 10.0 
for the +12B. 

(3) The difference between median achievements of the 
grades of any one group, as —Girls or -+Boys, are all signifi- 
eant and real differences. Likewise the sex differences are 
real differences. In most cases the differences between medi- 
ans are from two to four times as large as they have to be in 
order to be significant and real differences. McCall gives 
formulae for finding the reliability of a Difference.* Namelv, 
Sigma of Difference = VY Sigma 1° & Sigma 2°, and 
2.78 X Sigma of Difference 

Difference 
When, by the use of these formule, the experimental coefficient 
equals 1, McCall states that the difference is real, that is, can- 
not be considered the result of chance. 





Experimental Coefficient 


*McCall, W. A. “How to Measure in Education,” pp. 398-407. The 
Macmillan Co., N. Y., 1922. 
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Since the computation and presentation of all the differ- 
ences would be lengthy, the writer proposes to use these 
formule to compute a difference that will just give an ex- 
perimental coefficient of 1. Then all differences which ex- 
ceed the amount necessary just to produce an experimental 
coefficient of 1 are large enough to be beyond doubt real differ- 
ences and not the products of chance distributions. 

In the answer to question (1) is found data which indi- 
ates that for the medians on 300 item distributions, the 
P. E.s of the medians ranged from .8 to 1.8 and for the 
medians of the 221 distributions the P. E.s ranged from .4 
to 1. By taking the smallest and largest P. E. of median in 
each set of data we find that the sigma of differences for the 
300 item distributions range from 1.8 to 3.8 and for the 221 
item distributions range from .8 to 2.2. Using McCall’s 
second formula so as to have the experimental coefficient equal 
1—for the minimum sigma difference of the 300 item dis- 

Difference 
~ 2.78 X 1.8" 
That is, for the distribution having the lowest P. E. of the 
median, namely .8 and a sigma difference of 1.8, a Difference 
of 5.2 gives an experimental coefficient of 1. This coefficient 


tribution—this 1 then Difference equals 5.2. 


indicates with practical certainty that the difference is not a 
result of chance distributions in two series. Repeating the 
above process for Sigma Differences 3.8, .8, and 2.2, it is 
found that to secure an experimental coefficient of 1 for all 
the 300 item distribution differences of medians, the differ- 
ences must range from 5.2 to 10.5. For the 221 item dis- 
tribution differences of medians, the differences must range 
between 2.2 and 6.1. 

Examination of the actual differences of medians (see 
Tables V & VII) shows, as stated before, that the differences 
are real differences and not due to chance even in the case 
of the four groups in the same grade. When the differences 
found between medians of the same group, two or more grades 
removed, are considered, the experimental coefficient becomes 
as much as 6 times as large as it need be to eliminate all 
chance of accidental distributions causing the differences. 

From the above examination it is evident that though the 
differences between grades are not due to chance they are 
small, and that in each grade there is a certain appreciable 





——— 
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percent of pupils who fall below the median of the grade 
just below, and also an appreciable percent of pupils who fall 
above the median of the grade next higher. Perhaps the most 
striking illustration of overlapping is to be found in Figure 
IV (e)—8th and 12th grade pupils. This figure shows that 
from 4% to 40 % of the 8th grade pupils’ scores were above 
the median of the —12 Girls, 2 to 20% of the 8th grade 
pupils’ scores were above the median for the +12 Girls, while 
3% of the +8 Boys were above the median for the —12 Boys. 
In fact it was impossible to find any grade group which does 








not overlap considerably with each of the other grade groups. 
This illustration is of the extreme case, for it involved the 
Sth and 12th grades, the widest range of grades. For two 
adjacent grades the overlapping is even greater. 

C. Numbers of Sciences. 

Since there are significant differences among the achieve- 
ments of the different grade groups, all of which are in favor 
of the higher grades and also in favor of the pupils who had 
studied General Science, the question arose as to the prob- 
able causes of greater achievement, other than the fact that 
the pupil had taken General Science. This was an important 
question inasmuch as the figures and data show a constant 
growth of achievement whether pupils take General Science 
or not, the only difference being in the relative amounts of 
the growth. 

Tt is important to note that the median of the +12 Girls 
is only 13 points or a little less than 1 P. E. of the distribu- 
tion above the median of the +12 Girls [see Table VII, or 
Figure IV(e)]. Likewise note may be made that the median 
of the +12 Boys was identical with the median of the —12 
3oys. The latter condition, however, was due largely to 
chance, as it was not found in the 221 item distributions and 
was the only case of its kind. In the Tables of the 221 item 
distribution (Table V), the median of the +12 Girls is 10 
points or slightly less than 1 P. E. of distribution above the 
median of the —12 Girls, and the median of the +12 Boys 
is only 5 points of $P. E. of distribution above the median 
of the —12 Boys. Further, the amount of increase of 
achievement as noted by medians is 30 points between —8 
Girls and —12 Girls, and 40 points between —8 Girls and 
+12 Girls. For the boys the difference between median of 
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—8 Boys and —12 Boys is 45 points, and between —8 Boys 
and +12 Boys 50 points, when based on the distribution 
Table V. Similar data for 300 item distribution Table VII 
show that the difference between the medians of —8 Girls 
and —12 Girls is 48 points, between —8 Girls and +12 Girls 
is 61 points, between -—S Boys and —12 Boys is 63 points, and 
between —8 Boys and +12 Boys is 63 points. 

The decided superiority of achievement on the part of pupils 
who had not taken General Science and have reached the 12th 
grade, over the respective medians of their Sth grades has at 
least two explanations. 

(1) Sciences other than General Science taken by the pupil 
have accounted for this growth. 

(2) Elimination of the less capable pupils might account 
for an apparent growth. The latter explanation, however, is 
subject to two criticisms—(a) The correlation between scores 
and time of doing the test, which usually has a positive cor- 
relation with intelligence test scores, was practically zero, and 
(b) likewise the correlation between chronological age and 
scores was near zero. Both these correlations show that the 
less’ capable pupils were in the groups taking the test, at least 
in some numbers. 


(To be concluded in the May number.) 


A Trip Through The Sky 
by Mitprep FE. Reeve 
Hathaway Braun School, Cleveland, Ohio 


Tits fall a group of girls in the eighth grade had become 
very much interested in their Sky Neighbors and had greatly 
enjoved looking through the telescope at the Case School Ob- 
servatory. Therefore, when they were chosen to prepare a 
program for the morning exercises of the school, they voted 
immediately to represent in some way the activities of the 
heavens. The little play given below was the result of their 
efforts. It is needless to add that they found much amusement 
in working it up. 

The costumes were very simple. We depended for the most 
part upon scarfs and. cheesecloth. The witch had an old 
ITallowe’en costume and the sun a large circle of cardboard 
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covered with yellow which had been used in dramatics some 
time before. Sirius and Arcturus were draped in yellow 
cheesecloth, Mercury had black on one side and white on the 
other, and Venus was covered with veils. The other costumes 
were equally simple. Balloons were used for moons. 

A TRIP THROUGH THE SKY 

Wircn (strolling in): After such strenuous exertion on 
Hallowe’en, I declare I feel that I must take a vacation 
an educational one, I mean, for there’s nothing like improving 
one’s mind. And, as I know this old earth so well, 1 believe 
I shall visit the realms outside. So come to me, my honest 
steed (goes over to her broom), and let us go abroad. Mere 
humans could not leave this earth, but not even gravity can 
hold a witeh down. (She rides around.. Meanwhile the Sun 
enters.) But what is this I feel? Such a strong heat! What 
is it? Oh, dear! 

Sun: I am the sun, the chief of the solar system. No wonder 
you are frightened by my heat, for I have a temperature of 
10,000° F. My rays extend for millions and millions of miles 
out into space and I give light to all my planets. In me all 
the minerals are found in a fiery. state. In fact I am the 
greatest creature in the universe. 

Srrius: Say not so, oh Sun, say not so. For I, Sirius, am 
far greater than are you. To be sure, you have a diameter 
of about 860,000 miles, but my mass is 3.4 times as large as 
yours. You travel through space at only twelve miles a sec- 
ond, while I speed along at seventeen miles a second. You 
give off great light, but my radiating power is forty-eight 
times the power of yours. Yes, I am the brightest sun in the 
universe. 

Arcturus (entering): But not the largest, friend Sirius, 
not the largest. For T, Arcturus, in the constellation of Bodtes, 
am the largest known sun. I have a diameter one hundred 
times that of the sun and I have 6000 times its light-giving 
power. TI am so large that T am called a giant sun. But we 
are first magnitude stars. Let us hurry on and leave this 
small creature behind. Large as I am I must cover over 200 
miles this next hour. (Hit Sirius and Arcturus.) 

Sun: Jealous old eat stars. But I am sure they can have 
no such families as mine. Come hither, my children, and 


show our visitor vour loveliness. (Enter minor planets and 
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Moon.) This is Mercury, my smallest one. Now, Mercury, 
tell us why you always look so queer. 

Mercury: I look so queer because I am always facing you, 
oh Sun. Never can I turn my face away. I go around you 
like this. (Turns). See! So that one side of me is always 
burning and the other is freezing. The only place I am com- 
fortable is here (pointing to her sides). Otherwise, I am mis- 
erable. Then, too, I have no nice clouds to protect me from 
your fierce rays. 

Kartu (stepping forward): Here, poor Mercury, take one 
of my glaciers. 

Mercury: Thank you, Earth. 

Wircu: Poor Mereury, can nothing be done for you ? 

Sun: I’m sorry, Mercury, but that seems to be your place 
in the universe. 

Wiren: But who is this beautiful and mysterious damsel ? 

Venus: I am Venus, the second planet from the sun. I am 
mysterious because I am so covered with clouds that no one 
can see me. These same clouds make me beautiful, also, since 
they catch the sun’s magnificent rays and reflect them, making 
me seem as beautiful as a star. That is why people call me 
the morning and evening “star.” But I am not a star, only 
a planet, shining when the sun shines upon me. If he should 
turn away his strong rays, I should no longer shine, for such 
is the fate of a planet. 

Kartu: Yes, that is so. That is the way it is with me, the 
Earth, and with the satellites also. When I get in the way 
between the sun and my moon, it cannot shine, and when it 
gets between the Sun and me, I cannot shine. We are help- 
less without the Sun, are we not, my little friend? (Moon 
agrees.) But (turning to the Moon), while we are having 
this discussion, tell me why it is that sometimes I can see a 
quarter of you, sometimes a half and again only a crescent. 
Why can I not see all of you all of the time? 

Moon: You cannot see all of me all of the time because I 
don’t turn my sunny side toward you very often. You see only 
half of me eve: shines, anyway, and when you see my shiny 
face you say the moon is full. When you see an edge, you 
exclaim, “Oh, there is the new moon! Make a wish quickly!” 
As if I could make any one’s wish come true! This is the 
way I go. (Revolves around the Earth making one rotation 
to a revolution). 
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Kartu: But where is the Lady in the Moon? 

Moon: Such a joke! Such a joke! Could any lady live 
here, where there is no air? That picture which you call the 
Lady or the Man in the Moon is only the shadow of my 
mountains down onto the plains. But won’t you please tell 
me why I must follow vou around all the time? Why don’t 
you go around me for a change / 

Eartu: That, my dear, is because you are so small that 
you cannot pull as hard as I ean. One of my famous scholars, 
Sir Isaac Newton, told the truth when he said that all bodies 
attract all other bodies according to their size. But here is a 
neighbor of ours about whom I have always been curious. 
(Turns to Mars) Tell me, please, oh Mars, do you have in- 
habitants as I do, or do vou not need to be troubled by them ? 
I have always wished to know. 

Mars (laughing): That is the question which greatly 
troubles the old Earth. Am I inhabited? Are my black lines 
vanals or only atmosphere? Where do my polar caps go in the 
spring’ Is my air heavy enough for life? Indeed, I am get- 
ting quite vain, for your people have taken my picture scores 
of times this year. But we won’t tell them our secrets, will 
we, moons? (tossing her two moons, balloons, in the air). 

Eartu (disconsolately): I wish I knew. 

Pranetrorp (entering hurriedly): I come to apologize, oh 
Sun, for the other 799 of us. The rest thought they should 
stay and continue to travel in our orbit lest some of the tiny 
ones be lost. We are the planetoids. Many thousands of years 
ago, a terrible thing happened to us when we were still whirl- 
ing around. Our gravity failed us and was not strong enough 
to hold us together. We could not form a planet as others did, 
and now it is too late, too late. We shall always be separate. 

Sun: Well, now that vou have seen the smaller members of 
mv family, let me show vou the others who are larger but 
seem younger. 

Mars: If those big fellows are coming, we would better go. 
(They all go off). 

Sun: Here is Jupiter, the largest of them all. 

Wircn: What is that queer belt he is wearing ? 

Juprrer: This is my cloud belt. And this is my famous 
red spot. Did vou ever see me rotate? I like to whirl very 
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much and I usually go fast but my moons have to-go with me 
and sometimes they seem heavy. (He whirls off.) 

Wrren (turning to Saturn): I suppose your belts are the 
same as Jupiters. 

Sarurn: Those are my rings. Be careful, because they are 
very light. In fact, they are only swarms of meteors. vi- 
dently they were supposed to have made more moons, but as 
I already have nine, I don’t need any more. Watch them as I 
rotate. (Whirls off.) 

Sun: These are the last two of my family. I really know 
very little about them. 

Uranus: I am Uranus, the next to the farthest from the 
sul. 

Neprune: And I am Neptune, the farthest of all. In fact, 
I am so far away that it takes me 165 years to go around the 
Sun. I was discovered in 1846 and as that is only 78 years 
ago, I have not yet half finished a trip. So I must be going 
> stretch. (Both go off.) 

Sun: I too must be on my way. What a time I have wasted 
here with you! Of course, we were glad to see you but you 
hinder us, so don’t come again. What would the planets do 
if the sun should become tardy? (Goes off.) 

Wircn: Aren’t they interesting? Well, I daresay my Hal- 
lowe’en friends would all like to take such a trip, but they will 
never believe me when TJ tell them about it. I'll go tell them, 
anvway. (Turns to the audience.) Do you believe it? (Runs 
off with her broom.) 


or I shall never cover my years 


Modern dyestuffs can be just as fast and give just as beau- 
tiful colors as any used in past times, says the United States 
Department of Agriculture. It is sentiment chiefly that makes 
us cling to the idea that the natural dyes obtained from plants 
and animals are best. Many of them are lovely colors, it is 
true, and the time that has passed since the cloth was dipped 
in the dye-pot has in many cases mellowed the tones and made 
them even lovelier. Many of the so-called artificial dyes used 
now are exactly the same from the chemical standpoint as those 
from berries and bark and other natural sources. In some 
cases the new dyes are better than the old. The modern manu- 
facturer of dyestuffs knows exactly what is in them, and for 
that reason is surer of results. 
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A Half Century In Chemical Education 
A Chronological Reeord of the Sceientifie Contributions of 


Charles Edward Munroe. 
By J. N. Taytor, George Washington University. 


Mven has been said and written of Charles E. Munroe and 
of his many sided scientifie and literary activities. So many 
and so varied are they, that it is difficult, indeed, to catalog 
the activities of a scientist who, although a specialist, does not 
bring a specialized spirit to the study of his problems. Keep 
ing the problem—whatever it may he—-in perspective: noting 
relationships and discriminating differences; his specializa- 
tion is servant to all science. 

The marvelous output from the pen of one having a catho- 
licitv of interests and possessing a fund of scientifie knowl- 
edge of unusually broad scope, must necessarily be of great 
value to teachers and students, and to all concerned with the 
progress of science. The presentation of his bibliography, 
however, without some reference to the man himself, would 
he incomplete. 

Charles Edward Munroe was born at Cambridge, Massa- 
chusetts, on May 24, 1849, coming from a long line of sturdy 
New England ancestors, many of whom rendered important 
military service during the war of the Revolution. His school- 
ing was obtained first in a private kindergarten and later in 
the public schools of his native city. On graduation from the 
Cambridge High Schoo] he matriculated at the Lawrence Scien- 
tifie School of Harvard University, where he had as his master 
the foremost American chemist of his day, Professor Woleott 
Gibbs, in whose researches he later served as assistant. 

He was graduated from Harvard in 1871. receiving the 
S. B. degree, summa cum laude. In 1871 he was appointed 
Assistant in Chemistry, under Professor J. P. Cooke, who was 
head of the department. Professor Munroe was given full 
charge of the course in Quantitative Analysis for Seniors, 
which he carried on independently for three years. He also 
conducted a course in wet Assavying. In 1872-3 he established 
the course in Chemical Technology, and during the summers 
of 1873 and 1874 he conducted the first established Summer 
School in Chemistry, probably the first in the world. In that 
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School he gave instruction in General Chemistry, with illus- 
trated lectures, together with qualitative and quantitative 
analysis. 

In 1874 he was appointed Professor of Chemistry at the 
United States Naval Academy, holding that chair for twelve 
years, until in 1886 he was called to the Naval Torpedo Sta- 
tion at Newport, Rhode Island. From 1886 until 1892 he was 
engaged in chemical activities at the Torpedo Station and the 
Naval War College. From 1892 to 1917 he was head pro- 
fessor of chemistry at George Washington University; acting 
from 1892 to 1898 as dean of the Coreoran Scientific School, 
and from 1893 to 1917 as dean of the School of Graduate 
Studies, which he originated. Since 1917 he has been dean 
emeritus of the School of Graduate Studies and professor emeri- 
tus of chemistry of George Washington University. He re- 
ceived from George Washington University the degrees of 
Ph.D. and LL.D. 

Professor Munroe’s graduating thesis at Harvard was on 
analytical methods and apparatus, and throughout his career 
this topic has appealed to him. He has published many arti- 
eles in this field and has devised many pieces of apparatus 
which have come into more or less general use, and all have 
been of value. Among them may perhaps be noted his Porous 
Cone, in the making of which he developed a new principle 
for the production of fine and uniform pores throughout a 
biseuit of plastic matter by incorporating within the plastic 
mass, before the matter was shaped and burned, a volatile sub- 
stance, preferably ammonium chloride. This porous material 
was subsequently extensively used for biochemical filtrations 
in the Pasteur-Chamberland filter. In the development of the 
application of Porous Cones to Filtration by the use of the 
Sprengel pump, which had recently been introduced for the 
production of reduced pressures, Professor Munroe devised 
the Rubber Gasket by which the cones could be hermetically 
connected with the filter pump by an elastic seal. This Rub- 
ber Gasket was adopted by Professor G. C. Caldwell of Cor- 
nell University in his development of the Perforated Porcelain 
Crucible, and by Professor F. A. Gooch of Yale University 
in the development of his Asbestos Felt Filter. Later, Pro- 
fessor Munroe invented his Metallie Felt Filters. Although 
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he produeed filters of finely divided metallic iron, nickel, cop- 
per, and other metals, upon supports of the same or other 
materials, his preferred form for precise work was a felt of 
metallic platinum, supported in a perforated platinum cru- 
cible. 

Following his invention of a method for the production of 
a porcelain biscuit of uniformly fine porosity, Professor Mun- 
roe applied this to the production of refrigeration by the use 
of water only, thus eliminating the use of ice. His prime object 
was to apply this method to refrigerator cars, where the motion, 
when the cars were under way, would promote evaporation and 
consequent cooling, but he also applied the method to household 
refrigerators, in which by the use of water only, he seenred 
temperatures as low as 56° F. in the hottest weather. Under 
the title, “Improvement in Refrigerators,” he was granted 
U. S. Patent No. 116,344, on June 27, 1872. To those skilled 
in the art, it is obvious that this device was a descendant 
from the well-known “water monkey” and, therefore, based 
on a well proven principle of action. 

Professor Munroe appeared first as an expert in patent liti- 
gation in 1872, in the famous Nickel Plating patents, which 
are so frequently cited in patent literature, and he has since 
that time repeatedly appeared in a great variety of arts. He 
was for long the chairman of the Committee on Patents of 
the American Chemical Society. 

Entrusted by our Government with the investigation of 
many technical problems, he has done distinguished and 
effective work that is recognized, not only in the Executive 
Departments and Independent Establishments of the Govern- 
ment with which he is connected, but throughout the world. 

It was during Professor Munroe’s public service at the Naval 
Torpedo Station at Newport that he invented indurite,’ the 
first smokeless powder adopted by the United States Navy for 
use in the large guns. He mentioned this invention in the 
course of his remarks “On the Development of Smokeless 
Powder,” his Presidential Address delivered before the Wash- 
ington Section of the American Chemical Society, February 
21, 1896. His experiments with smokeless powder manufac- 
ture began in 1889. “At this time the remarkable results pub- 


1 U. S. Patent No. 489684. 
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lished from France, and the announcement that that country 
had adopted a smokeless powder, had produced their desired 
strategic effect. All her rivals were seeking to be equally weil 
equipped and were hastening to adopt a powder even before 
its qualities were thoroughly proven. The newspapers con- 
tained remarkable accounts of their performances and alleged 
descriptions of their methods of production, which, while in- 
teresting as news and conveving valuable suggestions, could not 
be relied upon as to accuracy in details.” 

Official records in the archives of the Navy recite the history 
of these investigations and of the successful work performed at 
the torpeda station. Secretary Tracy, in his report for 1892, 
said, “it is a gratifving fact to be able to show that what we 
could not obtain through the assistance of others, we sueceeded 
in accomplishing ourselves, and that the results are consider- 
ably in advance of those hitherto attained in foreign countries,” 
and President Harrison, in his annual message to the Senate 
and House of Representatives, December 6, 1892, called atten- 
tion to this development as one of the achievements of his 
administration. 

Dr. Mareus Benjamin,” in an address delivered before the 
Congress of Arts and Science at St. Louis, in September, 1904, 
hails Professor Munroe as the first in the world to prepare a 
“smokeless powder that consisted of a single substance in a state 
of chemical purity.” 

Another remarkable discovery made by him while stationed 
at Newport was a principle of detonation, This discovery 
known as the Munroe effect—throws a light on the nature of 
the detonation wave and may well be the key to airplane bomb- 
ing. Briefly, he discovered that if letters, such as “U.S. N. 
1884,” were sunk into the face of a gun-cotton cube and this det- 
onated in contact with a steel plate, the letters would be indented 
on the plate. If the letters were raised above the surface of the 
gun-cotton cube, placed in contact with the steel plate and the 
cube detonated, the letters would be faithfully reproduced oi 
the plate as before, but raised above the surface thereof. In 
other words, it was discovered that the further molecules ot 
explosive belonging to the group in proximity to the plate 
vathered energy as they traveled. By placing the ends of sticks 


2 “Some American Contributions to Technical Chemistry,’’ Science, N. 8. 


Vol. XXI, No. 545, 873-84. 
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of dynamite forming a bomb in an eschelon formation, those 
at the centre of the group of sticks being perhaps a few inches 
further from the end of the bomb than those on the outer edges, 
an increased penetrating effect could be obtained on detonation 
of the bomb. 

“Professor Munroe,” says Marshall® in his description of the 
effect, “carried out a number of interesting experiments with 
these charges, and found that the more he hollowed out the 
face resting on the iron plate the greater was the depth of the 
depression formed, until, when the charge was completely per- 
forated, it perforated completely the iron plate. When he 
interposed such articles as a piece of lace or the leaf of a tree 
or a coin between the hollow charge and the plate, he obtained 
a detailed impression of the article on the iron, the raised 
portions of the objects forming the raised impressions. The 
effect is much the same when the cartridge is removed some 
distance from the surface of the iron or steel plate, and under 
water the results are similar to those in air. By tying a num- 
ber of dynamite cartridges round an empty tin and firing them 
with a priming charge also of dynamite, Professor Munroe 
was able to make a considerable hole in a stout safe, whereas 
a similar charge made up in the ordinary way merely produced 
a coneavity, but no perforation. (Executive Document No. 29, 
53rd Congress, 1st Session, Washington, D. C., 1894.)” 

The hypothesis explaining this phenomenon is most interest- 
ing. “It is evident,” continues Marshall, “that, although the 
products of detonation are gases and have a very high temper- 
ature, they must possess in the wave front a density even 
greater than that of the solid explosive. The wave consisting 
of such gas constantly renewed, advances through the explosive 
with a velocity of several thousand meters a second. Where 
the wave is in contact with the boundary of the explosive the 
gas flies off at right angles to the boundary and a fresh wave 
is formed of compressed air, or of whatever other material the 
surrounding medium consists. This secondary wave is inclined 
to the original one, but advances much in the same way as 
the bow-wave of a ship. In the axis of the hollow of one of 
these bored-out charges the waves of highy compressed air 
come together with enormous violence, and necessarily produce 


3 Marshall, A. “The Detonation of Hollow Charges,’”’ Jour. Soc. Chem. 
Ind., XXXIX, No. 3, p. 35T, January 15, 1920. 
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a blast in the same direction as the original wave of detonation. 
This is not only much more intense than the original waves, 
because it is more concentrated, but it also lasts longer, with 
the result that the metal plate is carried right away. As one 
would expect, a charge with a cylindrical hollow bored in it 
produces quite as deep a hole, if not deeper, than one with a 
conical hollow. Although a hollow cartridge produces a mucli 
greater effect, it does not exert nearly so great a total shock 
as a whole charge, as is shown by the fact that when detonated 
on a lead cylinder it does not compress it to the same extent.” 

The results of some of Professor Munroe’s experimental work 
with his effect are seen in the form of beautiful impressions 
made of leaves, laces, ete., upon squares of armor-plate, fash- 
ioned into a unique fire-sereen and presented by him to the 
Cosmos Club. 


Of Professor Munroe’s many contributions to his favorite 
study of chemistry, it cannot but be felt that his great work 
on Chemical Technology, prepared for the Bureau of the Cen- 
sus, is by far the most important. Considering it along with 
the younger Silliman’s contributions to American Chemistry, 
presented at the Northumberland celebration of the centenary 
of the discovery of oxygen in 1874, it would be possible to 
write the history of American Chemistry. In Bulletin 92 of 
the Census of 1905, Professor Munroe pointed out the close 
relationship of invention to manufacture, and the importance, 
in arriving at any true estimate of the growth of manufacture, 
of correlating patent with the data of production. He was the 
first to point out this relation and to demonstrate it. In all 
subsequent Census publications, Professor Munroe summarized 
the Patents issued in connection with each of the arts, so that 
his lists are complete summaries from the founding of the 
Patent Office up to the date each Bulletin was written. He 
has thus summarized many thousand patents in the chemical 
industry. 

The late Professor Chandler characterized his work on 
“Chemicals and Allied Products” as “invaluable.” He con 
sidered it “the most valuable publication to a chemist that has 
ever emanated from the Census Bureau,” and as one that 
would “never lose its value to the chemical profession.” Pro 
fessor Munroe’s monograph on “Petroleum” is said to be one 
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of the most exhaustive reports ever issued on the subject. The 
value of these reports as aids in chemieal education has recently 
been pointed out by Professor Mattern.* 

Since its inception, Professor Munroe has been connected 
with the National Research Couneil as Chairman of the Com- 
mittee on Explosives Investigations, conducting, in this canac 
itv, much valuable work, among which may be mentioned that 
on ammonium nitrate. He is also Chief Explosives Chemist 
of the Bureau of Mines and was one of its active organizers. 
In addition to these duties he is prominently engaged in con- 
sulting work for the Assay Commission, the Civil Service 
Commission, and as consulting expert to the War and Navy 
Departments. He was retained for many years by the Aetna 
Powder Company and kas been engaged in a similar capacity 
by at least ten governments. 

Professor Munroe’s scientific contributions to the literature 
of chemistry testify eloquently to the inestimable service which 
he has rendered to his profession. 

For some forty years he has been engaged upon a bibliog- 
raphy of explosives. He started with page 1 of volume 1 of 
the Philosophical Transactions of the Royal Society, dated 
1665, and has seanned every page up to 1907, recording the 
articles relating to his subject found in these volumes. He 
has thus, among other journals, summarized the American 
Journal of Science; Journal of the American Chemical So- 
ciety; American Chemical Journal; Comptes Rendus; An- 
nallen der Chimie Physicalishe; Dingler’s Polytechnical 
Journal; Journal Chemical Society; and the Journal of the 
Society of Chemical Industry. During his career at the 
United States Naval Academy, and subsequently at the Tor- 
pedo Station, extensive contributions were made by Professor 
Munroe to the Proceedings of the United States Naval Insti- 
tute, in relation to the literature of explosives. He is now 
engaged upon the Berichte. 

A master in expression and interpretation of fact, his scien- 
tific papers and monographs are a part of the enduring records 
of the history of science, 

During more than half a century of teaching chemistry, 





t “The Use of Charts and Graphs in Showing the Growth of Chemical 
Industries,"" Louis W. Mattern, Jour. Chemical Education, Vol. 2, No. 8, 
August, 1925. 
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Professor Munroe’s activities were not confined to the Univer 
sity lecture room, for he contributed, under the auspices of 
scientific and educational institutions, to the furtherance of 
the knowledge of chemistry among the people through his 
numerous public lectures. 

In addition to the direct educational work undertaken and 
carried out by him, he has maintained an active interest in 
organizations which have to do with the diffusion of knowl- 
edge. He has devoted himself to this interest particularly 
in its application to the science of chemistry and also in its 
relationship to the chemist as a human being. He was elected 
a member of the American Association for the Advancement 
of Science at its Portland meeting in 1873, and participated 
in the organization of the subsection on chemistry, of which 
in 1880 he was chosen secretary. In 1874 he was advanced 
to the grade of Fellow, and in 1888 presided over the section 
with the rank of Vice-President of the Association. He was 
a charter member of the American Chemical Society, and in 
1898 its President. Mainly through his indefatigable efforts 
and wise leadership, the Society was raised from the status 
of a parochial organization to that of a national society. This 
period marked the turning point in its existence, and since 
then its growth and influence has been most remarkable. He 
was a founder member and the organizing chairman of the 
Rhode Island Section, the first section formed. He is an 
Honorary Fellow of the American Institute of Chemists and 
has contributed greatly to its influence. Among other organ 
izations of which he is an active member are the American 
Academy of Arts and Science, American Philosophical So 
ciety, and the Washington Academy of Sciences. 

Foreign governments and scientific societies have conferred 
many honors upon Professor Munroe. In 1888 he was electe« 
a Fellow of the Chemical Society of London, and in 1901 be 
was decorated Commandant of the Order of the Medjidji by 
the Sultan of Turkey. The Swedish Academy of Sciences ap 
pointed him in 1990 to nominate the candidate for the Nobel 
prize in Chemistry. He is a member of the English and 
German Chemical Societies and has been a member of four 
International Congresses of Applied Seiences and of the See 


ond Pan-American Scientifie Congress. He belongs to the 














488 GENERAL ScrENCE QUARTERLY 


Boston City Club, the National Arts Club of New York City, 
Chevy Chase Club, and enjoys the distinction of having served 
twice as President of the Cosmos Club. 

Although actively and constantly engaged in a variety of 
pursuits of a highly technical nature, and while many ana 
manifold have been his duties, it is primarily as an educator 
that one thinks of him. His remarkable power of presen- 
tation, seen reflected throughout his career in the wide extent 
over which he has been sought to clarify issues in judicial 
proceedings, made him an inspiration in the class-room, where 
this crowning qualification of the teacher was heightened and 
intensified by the unmistakable distinction of his appearance. 
Of modest deportment and demeanor, vet evincing a full meas- 
ure of that self-respect begotten of the intention to do the 
greatest good that is practicable, on the rostrum his benign 
countenance shone with his accumulation of the humanities 
mixed with the force of his mastery of the subjects of his 
instruction; and, on nearer acquaintance, his hopsitality and 
the charm of his discourse have always confirmed every favor- 
able impressign of his exterior. 

The rare combination in Professor Munroe of the highest 
scientific attainments with a charming and forceful personality 
commands respect for his work and engages the affection of 
those who come into contact with him. Distinguished by the 
simplest and most lovable human qualities, his ready sympa- 
thy, his modulated voice, his clear, twinkling eyes, his hearty 
laughter, his power to enthuse and inspire, are the things 
which make it a privilege to have him as a preceptor and 
friend. 

I gratefully acknowledge my indebtedness to Mrs. E. Couch, 
Dr. Harvey W. Wiley, Dr. Mareus Beniamin, Mr. George W. 
Littlehales, Dean W. A. Wilbur, Mr. S. P. Howell, and T. A. 


Witherspoon, Fsq., for assistance in assembling this material. 
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How Yeasts Grow 
By O. E. Unperuiir, Normal School, Salem, Mass. 

(This is the seventh of a series of question and answer lessons.) 

The class has been studying the general topic “Heat.” After study- 
ing the way in which heat is produced and distributed in the home, 
the question arises as io other ways of controlling heat. This leads 
to two lines of thought. The one is refrigeration; the other, per- 
sonal comfort in winter and summer: which leads to a study of the 
function of the skin in this respect, clothing, and a study of textiles. 
It is the first branch of the subject, namely, refrigeration, that is to 
be followed through in this lesson. The class has studied the refrig- 
erator, its insulation, the convection currents, and so on. 

Teacher. While we have been studying about refrigeration 
John has made an iceless refrigerator. He has been kind 
enough to bring it to school today, to show to you, and he will 
tell you all about it and how it works. (John presents his 
topic.) 

(Full directions for this project may be found in the U. S. Dept. of 
Agriculture pamphlet, Food Thrift Series No. 4.) 

That is fine, John. But why are we going to all this trouble 
to keep our foods cool ? 

Mary. So that the food will not spoil. 

Teacher. How does keeping foods cold prevent them from 
spoiling? (Pause.) Doesn’t anyone know? . . . What makes 
food spoil? . . . How do you know when food is spoiled ? 

Alfred. It smells bad. 

Mary. It looks funny sometimes. 

Teacher. What do you say has happened to the food when 
it smells bad, Alfred ? 

Alfred. We say it is rotten. 

Teacher. Yes, one way in which foods spoil is by rotting. 
Does food ever spoil in any other way besides rotting ? 

Beatrice. Bread gets moldy sometimes. 

Teacher. Yes, Beatrice, that is another way in which foods 
spoil—by molding. Still another way? . . . Does anyone 
remember ever having heard of catsup spoiling—or jam—or 
grape juice ? 

Charles. Catsup works sometimes. 

Teacher. What do you mean when you say that catsup 
“works”? . . . How does it taste ? 

Charles. Sort of sour and biting. 

Teacher. Does anyone know what we call this process which 
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makes foods go sour when they spoil? . . . I will tell you. 
We say the food ferments. The process is called fermentation. 
That is such a long word, you had better write it down, so that 
you may learn how to spell it. Now you have told me three 
ways in which foods spoil. Will you name all three, Dora? 

Dora. Foods spoil by molding, rotting and fermenting. 

Teacher. That is right. Now I am going to show you 
something about the fermenting of foods. I have here a pint 
bottle of molasses which I will mix with water enough to fill 
this large bottle (a 2% liter acid bottle). Now T will mix 
this veast cake with a little water and add it to the molasses 
and water. Then I will put in this rubber stopper carrying a 
rubber tube leading into this smaller bottle filled with water 
and inverted in this pan of water. (A regular pneumatic 
trough set-up for collecting gases over water.) Now I want 
vou to watch this carefully for a few days and see just what 
happens. By the way, what do we use veast cakes for / 

Flora. To make bread. 

Teacher. How many here can make bread? (Several hands 
are raised.) What do you put together in making bread ? 
{Sereral things are named.) Go to the board and make a list 
of the things that are used. (Various pupils go to the board 
until the following list is made.) 


flour soda salt 
sugar water saleratus 
veast milk raisins 
baking powder molasses oatmeal 


(This is an actual list as put on the board by members of a 
seventh gerade class.) 


I think if vou put all those things in you will have some 
very funny bread. (Several hands are raised as pupils. know 
some of the errors in this list.) 

John. You don’t put sugar in bread. That would make 
cake. 

Dora. Yes, vou do put sugar in bread, I know you do. And 
vou don’t use baking powder in bread. That is for biseuits. 

Teacher. We haven't time to decide this now. I want you 
to copy tis list and take it home. Ask your mother about it, 
and find out just what things are used and why each thing is 


put in. Be ready to tell me about it next time. 
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NEXT LESSON 


Teacher. Tell me what you have noticed happening in the 
bottle of molasses and yeast. 

John. Ut has been giving off a lot of bubbles. 

Charles. I counted them and it has been giving off nearly 
twenty-five a minute. 

Mary. The little bottle has been empty for a long time. 

Teacher. I will put another bottle here and let it be filling 
while we are talking. Mary, you said the bottle has been empty 
for a long time. What made it empty ? 

Mary. Bubbles came out of the big bottle and went into 
the little one and pushed the water out. 

Teacher. Bubbles of what ? 

Mary. Air bubbles. 

Teacher. What makes you think that they are air bubbles, 
Mary ¢ 

Mary. They look like air. 

Teacher. What does the gas look like that I made for you 
several weeks ago and showed you how it made things which 
were burned in it burn so very brilliantly? What does the gas 
look like that I made from acid and zine, that exploded with a 
loud noise when mixed with air and lighted; and the gas that 
was formed when things burned, and which I showed you 
came from a bottle of tonic and from a fire extinguisher, and 
in the air vou breathe out? What did those gases look like, 
Mary ? 

Mary. They all looked like air. 

Teacher. Then how ean you say that the gas coming out 
of this bottle is air when you have only looked at it? Now, 
Mary, if the bubbles of gas pushed the water out where is 
the gas now ? 

Mary. It is in the bottle. 

Teacher. But you told me a minute ago that the bottle had 
heen empty a long time. 

Mary. Oh, it isn’t empty, it is full of the gas. 

Teacher. That is right. Now I want to find out what this 
gas is. How ean I tell if it is one of those gases I have just 
spoken of a moment ago? Will someone tell me the names of 
all the gases we have studied that look like air ? 

Charles. Oxygen, hydrogen, carbon-dioxide and nitrogen. 
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Teacher. All right. Now how can we find out if this gas 
in the bottle is one of those four ? 

George. Put a glowing splinter into the bottle. If it is 
oxygen the splinter will burst into flame. If the gas is hydro- 
gen it will take fire and burn, and if it is either carbon-dioxide 
or nitrogen the splinter will go out. 

Beatrice. You could try it with lime-water to see if it is 
earbon-dioxide. (It is assumed that the class has had this 
test when studying products of combustion. ) 

Teacher. George, you take one bottle and test it with a 
splinter. Beatrice, here is some lime water, you test the other 
bottle for carbon-dioxide. 

(George. The splinter goes out, it isn’t oxygen or hydrogen. 

Beatrice. The lime water I poured in has all turned white. 
It must be carbon-dioxide. 

Teacher. Yes, it is carbon-dioxide. Where must it have 
come from ? 

John. ‘The molasses and water—or the yeast. 

Teacher. Have you noticed any change taking place, other 
than the gas forming / 

Harry. The molasses is a lighter color. 

John. The veast has gone to the bottom, and there is a 
whole lot of it. 

Teacher. There is certainly a lot more veast in there than 
we put in, and the reason the molasses is a lighter color is be 
cause there is a lot of yeast mixed in with the molasses. Now if 
the yeast has increased in quantity we wouldn’t be so likely to 
expect the veast to have changed into the gas. That leaves 
the molasses and the water, then. What is carbon-dioxide 
made of ¢ 

Dora. The elements earbon and hydrogen. 

Teacher. And what are elements, Dora / 

Dora. They are the things out of which evervthing else 
is made and there are about ninety of them. 

Teacher. Does anyone know what molasses is ? 

Karl. When we studied geography we learned that it was 
what was left after the sugar was crystallized from the juice of 
the sugar cane. 

Teacher. Yes. It is mostly sugar. And how does the plant 


make sugar ? 
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Korl. Tt puts ecarbon-dioxide from the air with water from 
the soil together in the leaves of the plant. 

(See “The Two Chemists, Chloro and Phyll,” Gen. Sci. Quart., May, 
1924, for teaching lesson on photosynthesis.) 


Teacher. You see, then, that the carbon in the carbon-diox- 
ide must come from the sugar in the molasses. The yeast tears 
the sugar molecules apart and builds up molecules of carbon- 
dioxide and molecules of aleohol. The alcohol is left in the 
bottle mixed up with the molasses. It would take too long 
to get the alcohol out of the molasses now, but after school I 
will set up an apparatus for getting the aleohol out and show 
you that it is really there and will burn, if any of you care 
to have me. The yeast uses the sugar as food. Do you remem- 
ber how we used the first letters of the elements to represent 
them in order to show how they moved around when a fuel 
burns; and how we put those letters together in order to show 
what elements make up the different things’ Just to refresh 
yor memory I will put one or two of them on the board. 
(Writes CO. and H.O.) Now, James, what do those stand 
for ? 

James. The first one stands for carbon-dioxide and the 
second one for water. 

Teacher. Right. Mary, tell us what the letters and num- 
bers mean. 

Mary. ‘The first one means that one little piece of carbon 
and two little pieces of oxygen are put together to make a piece 
of carbon-dioxide. 

Teacher. That is right, Mary, but I told vou the names 
of those little pieces. Do you not remember them ? 

Mary. ‘The small pieces of the elements are called atoms 
and the piece of carbon-dioxide formed is called a molecule. 

Teacher. That is right. Now, tell the class what the other 
formula means and use the right names for the particles. 

Mary. Two atoms of water combine with one atom of oxy- 
gen to form a molecule of water. 

Teacher. That is it. Now I am going to put the formula 
for sugar on the board and see if vou can tell me what sugar 
is made up of. (Writes CoH. Og.) 

(I prefer this rather than the formula for cane-sugar, because it 


does away with the complications prod:ced by having to add the 
inolecule of water in order to make the equation balance.) 


John. It means that in each molecule of sugar there are 
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six atoms of carbon, twelve atoms of hydrogen and six atoms 
of oxygen. 

Teacher. Good. Now I will show you what the yeast does 
to these atoms when it pulls the sugar molecules apart. ( Writes 
C.H20,=2C.,H,0,--2C0.. You see that for every molecule 
of sugar that the yeast tears apart, it builds up two molecules 
of carbon-dioxide gas and two molecules of aleohol. Now | 
am going to take a drop of this molasses and yeast, place it 
on a piece of glass and place it under a microscope for you. 
After you have looked in the microscope, go to your desk and 
try to draw what you have seen. (Pupils look at yeast and go 
to seats to draw. Teacher helps with questions and comments, 
those who are not successfully getting the idea.) 

(Of course it would be better to draw while at the microgeope, 


but many schools have not a sufficient number to allow more than 
two or three to be used at once.) 


John, draw your picture on the board. Make it quite large. 
(John draws.) That is fine, John. Class, you see these single 
ovals in John’s picture? Each one represents a yeast plant; 
for yeast is really a tiny plant. Each plant is just one little 
cell, too small to be seen by the eye alone. Now what do you 
suppose is happening to these cells with little bunches on the 
sides ? 

Mary. Perhaps they are growing. 

Teacher. That is just what they are doing. Each little 
yeast cell eats the sugar and starts to grow by putting forth a 
tiny bunch. This bunch keeps growing and growing until 
it gets as large as the cell it started from. Here is such a 
double cell here. (Points to picture on board.) Then the 
two cells separate, and you have two separate yeast cells 
grown from the one. I[lere is one which has just separated. 
(Points.) This is the way in which yeast cells reproduce. 
This growth that starts out from the side of a yeast cell looks 
like a little bud, so the process is called budding. We sav 
yeasts reproduce by budding. Now I wonder if you know 
just what we mean by reproduction‘ Who can tell me ? 


Frank. It means growing. 
Teacher. You mean that because you are taller now than 


vou were three years ago you have reproduced 4 
Frank. No, that isn’t it. 
Teacher. But that is growing, isn’t it ¢ 
Frank. Yes. 


Teacher. Then growing and reproduction are not quite the 
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same thing, are they? What do we mean when we say flowers 
reproduce—or animals ¢ 

Mary. It means that more plants or animals come like the 
first ones. 

Teacher. Yes. When any living thing produces others 
just like them we call that reproduction. Now you have 
learned how yeasts grow and reproduce. You have also told 
me that veasts cause foods to spoil. Where do the yeast plants 
that cause foods to spoil come from’ (Pause.) Under what 
conditions does your grape juice work—or your jam / 

Beatrice. If it isn’t tightly closed or is left with the cover 
off. 

Teacher. Where must the yeast come from, then / 

Beatrice. From the air? 

Teacher. Yes. These plants are so small that some of them 
are floating around with the dust of the air all the time. When 
they fall into things that contain something that they can feed 
upon, they cause it to work or ferment and spoil. But how 
did we get to talking about yeast plants, anyway ? 

Alice. We were talking about how foods spoiled. 

Teacher. Oh, yes. And how did we happen to be talking 
about that ? 

Alice. We were trying to find out why we kept foods cool 
to keep them from spoiling. 

Teacher. Well, we seem to have gotten quite away from 
the icebox, haven’t we? We usually cover up things tightly 
to keep them from being spoiled by yeast plants, but putting 
them in the icebox would help, too, because the yeast cannot 
grow very well in a cold place. (An experiment to show this 
might have been worked in here.) When we study about the 
other ways in which foods spoil I think you will see more why 
we keep them cool to prevent the spoiling. 

But yeast can be helpful as well as harmful. You know we 
use yeast in making bread. I have asked you to find out what 
is used in the making of bread and why the different things 
are used. We haven’t time for that now, but I will ask you 
to tell me about it next time. Perhaps you can find out some 
other ways in which yeasts are helpful. Then we will talk 
about another way foods spoil, that is by molding. 

(From this point a discussion of bread making, yeast as a source 
of carbon dioxide, and yeast as a source of aleohol, may be had. A 


good book for supplementary reading is “Bacteria, Yeast and Molds 


in the Home,” by Conn) 

















Must Science Go the Way of the Classics ? 
From the 
Annual Report of the President of Columbia University 


For two generations a very considerable part, perhaps a 
major part, of the effort of educational systems and institu- 
tions has been expended upon the development of teaching and 
research in the natural and experimental sciences and in mak- 
ing adequate provision for this work in men, in laboratories 
and in apparatus. When the movement for extensive study of 
the natural and experimental sciences began, it was more or 
less stubbornly resisted by the college faculties of the day. 
Undoubtedly because of this fact, some scientific schools were 
founded quite apart from existing colleges and universities, 
such as the Rensselaer Polytechnic Institute in 1824 and 
Stevens Institute in 1870. In other cases, schools of science 
were incorporated in existing institutions for higher education 
as distinct and more or less independent and autonomous 
units. This was the case at Harvard where the Lawrence 
Scientific School was founded in 1847, at Yale where the 
Sheffield Scientific School was founded in 1854 and given 
its present name in 1863, and at Columbia where the School 
of Mines was founded in 1864. Gradually, however, the 
opposition to science study and science teaching broke down, 
and these new and highly important subjects were incorpo- 
rated everywhere as part of the program of study in the ele- 
mentary school, in the secondary school, in the college, and 
in the university. Meanwhile the domain of science itself 
has expanded by leaps and bounds. New knowledge of the 
most amazing and unsuspected kind has constantly been re- 
vealed by eager investigators. The steadily improving micro 
scope and newly discovered instruments and methods of pre 
cision and measurements gave man a grasp of the infinitely 
small which no imagination could have forecast a few years 
earlier. Applications of scientifie knowledge to practical life 
and to industry are multiplied manyfold, and the daily life of 
millions of human beings is revolutionized and made vastly 
more comfortable, more safe and more healthy in consequence. 

The essential fact in all scientific study is the use and the 
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comprehension of the scientific method. Nothing is to be 
taken for granted and no test, whether quantitative or quali- 
tative, is to be overlooked. Every conclusion as it is reached 
is held subject to the results of verification, modification or 
overthrow by later inquiry or by the discovery of new methods 
and processes of research. 

One would suppose that after half a century of this experi- 
ence and this discipline the popular mind would bear some 
traces of the influence of scientific method, and that it would 
be guided by that method, at least in part, in reaching results 
and in formulating policies in social and political life. If 
there be any evidence of such an effect, it is certainly not easy 
to find. Passion, prejudice, partisanship, unreason still sway 
men, whether as individuals or in the mass, precisely as if 
scientific method had never been heard of. How is it pos- 
sible that with all the enormous advances of science and with 
all its literally stupendous achievements it has produced such 
negligible results on the mass temperament and the mass mind 7 
This is a question which may well give us pause, for some- 
thing must be lacking if intelligent men and women, long 
brought into contact with scientific methods and _ scientific 
processes, pay no attention whatever to these, and show no 
effect of their influence, when making their private or public 
judgments. 

One begins to suspect that the teachers of science themselves 
may have failed in making effective their science and their 
scientific method in this sphere of their larger usefulness. 
There can be no question that the decline in interest and 
authority of the ancient classics as educational instruments 
was hastened by, and indeed was in no small part due to, the 
manner and method of teaching those subjects that became sub- 
stantially universal some sixty years ago. Minute matters of 
grammatical, linguistic and archeological importance were 
dwelt upon and magnified to the exclusion of the larger and 
broader interpretation of the meaning of the life, the thought, 
and the civilization of the ancient Greeks and Romans. Em- 
phasis was increasingly laid upon the training of accurate and 
meticulous classical scholars, which was all well enough in its 
way, but which was something quite different from using the 
ancient classies as effective and stimulating educational instru- 


ments for the great mass of men. It is a sorry, but safe, re- 
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flection that had the classics been properly taught and presented 
in school and in college they would not now be in their parlous 
situation. Can it be possible that something of the same sort 
is about to happen in the case of the natural and experimental 
sciences¢ If these subjects are to be presented only for the 
purpose of training specialists, and if the methods to be fol- 
lowed are those that, while appropriate for investigation, have 
no relation whatever to interpretation, then it may well be 
that in another generation general interest in the natural and 
experimental sciences and general knowledge of their meaning 
and significance will have greatly declined. If these disinte- 
grating forces are at work, then it is quite useless to cite pres- 
ent statistics as to the extent and popularity of science teach- 
ing and science study as evidence that existing conditions will 
continue indefinitely. 

If one desires to be a physicist, a chemist, or a biologist, and 
is ready and willing to devote his time and his energy to that 
end, then the methods now in vogue in the colleges and univer- 
sities are excellent. If, however, one wishes to know what 
physics, chemistry and biology are about, how they came into 
existence, what has been their history, who have contributed in 
most important fashion to their advance, how they are related 
to each other and to other branches of knowledge, and what is 
the significance of their present conclusions and applications, 
then he will find it very difficult indeed to get guidance or help 
from any teacher of physics, of chemistry, or of biology. In 
fact, many of these teachers do not possess this sort of knowl- 
edge. This was not always the case. Faraday could interpret 
as well as investigate and stimulate investigation; Helmholtz 
and DuBois Reymond were past masters of the art of scien- 
tifie exposition and interpretation; so were Huxley and Tyn- 
dall and Kelvin. Why must the science tezchers of today turn 
their backs upon the example and the achievements of these 
great masters, and neglect the opportunity which is daily of- 
fered to make science and scientific method a real and com- 
manding factor in the life of tens of thousands of human 
beings by explaining to them what science is all about? The 
making of a few score of admirable specialists, the training of 
a few hundred research students and the annual production 
of a small army of vouth with narrow, if minute, information 
useful in some particular vocation, is a sorry substitute for 
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reaching the great mass of the population with the influence 
and the ideals of scientific inquiry and scientific method. 

Nothing can so quickly or so surely kill any subject of in- 
struction and deprive it of its influence as an educational 
instrument as uninspiring teaching or the stubborn insistence 
upon false methods. Surely, the example of the ancient clas- 
sics ought to suffice. They were killed largely by those who 
taught them. Men of light and leading are everywhere trying 
to resurrect the classics from their academic grave and to re- 
establish them. where they belong as a chief foundation of all 
liberal education. It would be poor business indeed if, while 
the ancient classies are being resurrected, the natural and ex- 
perimental sciences should be led by their teachers into the 
valley of the shadow of academic death. 


What is Mercerized Cotton? 


Some confusion exists in the minds of many housekeepers 
as to the distinctions between “‘mercerized” cotton goods and 
those fabrics having more or less temporary gloss finishes pro- 
duced by paste mixtures. “Paper cambric” is an example of 
a fabric with the paste finish. Artificial silk, or rayon, is a 
more lustrous fabrie than either of these, but should not be 
mistaken for mercerized cotton. 

Many years ago, says the United States Department of 
Agriculture, John Mercer, for whom the process is named, 
discovered that when cotton yarn or cloth was dipped in 
strong solutions of lye for a short time and then washed, 
neutralized, and dried it became much stronger. In later 
vears it was noted that if the yarn or cloth was held under 
well-regulated tension during the process it was rendered gloss- 
ier as well as stronger. Hence mercerization is a process that 
adds not only durability but beauty. There are today on the 
market many cotton fabries in which the entire cloth is gloss- 
ier and stronger than ordinary cotton materials or in which 
bright mercerized yarns have been introduced to form stripes, 
checks, or figures. 
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Submarines Vie With Door-Bells at Observation 
From “School Topics,” the Official Magazine of the Public Schools 
of Cleveland. 

Submarines, sewing aprons, door-bells and boomerangs are 
being discussed in the 6A grade at Observation Training 
School, where pupils are explaining construction of such objects 
as training in oral English. 

Pupils are told to choose any article they desire and explain 
“how to make it.” Hence, a great variety of subjects are 
discussed. Positive and negative currents, batteries, voltage, 
and other technical terms were flung about with ease by a boy 
explaining how to install a door-bell. The necessary materials 
were on hand to make the explanation more graphic, and also 
to create an “English situation.” When the boy said this here 
wire he was corrected by a watchful pupil. A diagram was 
made on the board to show a part of the door-bell in operation. 

A question arose as to whether a certain type of battery was 
used for lights on a Ford car. Everyone had different opinions, 
so the chairman appointed a boy to get some definite informa- 
tion on the subject. Here the teacher, sensing that the boy 
had a vague knowledge as to what he was to look up, said, 
“Now exactly what is it you want to find out?’ This erystal- 
ized the question and enabled the pupil to go ahead with his 
investigation. 

“How the Australians make boomerangs,” was a subject 
chosen by another boy who had made one of cardboard to show 
the construction. A discussion of hickory wood as material, 
of whether the wood should be soaked in hot water or steamed, 
and other related facts of boomerang construction showed that 
the pupils were actually interested in the explanation. 

The girls came into the picture when one described the steps 
in making a sewing-apron, giving the materials and showing 
the completed apron. 

After each discussion the chairman asked, “Did he accom- 
plish his purpose ?” 

In order that the class might judge whether he did or not, 
the purpose had been written on the board. It read, “To make 
the explanation so clear that the listener will get a vivid pic- 
ture and will be able to follow your instructions.” 
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Although the lesson was socialized, the teacher stepped in 
if some omission or incorrect impression was being made. 
After the lesson was over she handed slips to all who had re- 
cited, containing suggestions for improvement in their Eng- 
lish, or in some other phase of the work 


Some Ways to Know the Bargains in White Goods 


To many homemakers the midwinter “white” sales offer the 
best opportunity of the year to stock up on sheets, pillowcases, 
towels, and other household textiles. But all is not good that’s 
white. Just as in buying other fabrics, there are facts about 
fibers and weaves that the homemaker needs to know if she 
would get a true bargain, says the Bureau of Home Economics 
of the United States Department of Agriculture. 

[f buying yard goods, unravel a yarn, untwist it and pull 
out small tufts of the fibers. Notice whether they are about the 
same or very different in length. The fabric with longest 
fibers of regular length will wear best. The ends of short 
fibers work loose and make the fabric fuzzy, as the sizing put in 
by the manufacturer is washed out. The lint rubs off from 
such a fuzzy fabric and it soils more readily. 

Notice whether the yarns are even and equal in size. Irreg- 
ular yarns make lumps that cause the fabric to wear through 
quickly at those points. Loose ends on the surface, left from 
knots in the yarns, are likely to catch during laundering and 
make holes in the fabric. Cloth with these defects is often 
sold as a second, and the buyer should not be surprised if it 
shows signs of wear rather quickly. 

To judge the firmness of the weave, pull the fabric on the 
straight and on the bias, first one way and then another. 
Seratch it with the finger-nail. Note whether the varns slip 
out of place easily. The closer the weave the more durab!e 
the fabric, other things being equal. If the weave is very 
loose, be prepared to have the fabric shrink when it is washed. 

Rub a corner of the goods briskly between the fingers to 
see whether it contains a great deal of starch or other sizing. 
Best of all, if you can, take home a sample and wash it. Mer- 
cerizing is a permanent finish given to cotton that makes it 
more lustrous and stronger, and should remain after washing. 























Available Motion Picture Films 


The Motion Picture Bureau of the Y. M. C. A., with head- 
quarters at 120 West 41st Street, New York, has recently 
opened a Chicago exchange at 1111 Center Street. The Bureau 
has recently issued an up-to-date list of industrial films which 
are available to Y. M. C. A.’s, churches, schools, industries, 
business, welfare and other organizations free of charge except 
for the payment of transportation costs. These films are 
theatre standard width, and those at the Chicago exchange are 
non-inflammable. 


Sugar Pictures 


Ten billion pounds of sugar per year are required to satisfy 
the American sweet tooth. The average person in the United 
States consumes more than 90 pounds of it each year, accord- 
ing to the United States Department of Agriculture educa- 
tional film productions, “Sugar Cane and Cane Sugar,” and 
“Beets from Seed to Sugar Bowl.” 

Although only a bare one-fourth of the sugar we consume 
is home grown, sugar-beet and sugar-cane production rank 
among our important agricultural industries. About four- 
fifths of the domestic cane crop is grown in Louisiana, while 
Michigan, Minnesota, Colorado, Utah and California are prom- 
inent sugar-beet states. 

Sugar cane was introduced into America in early colonial 
davs, while the sugar beet, though older than Christianity, was 
brought to the New World in recent years. The development 
of the beet in the United States has been rapid, however, and 
at present the quantity of beet sugar produced in North Amer- 
ica is five times greater than the amount of cane sugar pro- 


duced on this continent. 








Summer Courses in Science 


GEORGE PEABODY COLLEGE FOR TEACHERS, Nashville, Tenn. 


The Teaching of Biology in Secondary Schools. W. W. Carpenter 
The Teaching of General Science in Secondary Schools. H. A. Webb 
The Teaching of Chemistry in Teachers’ Colleges. H. A. Webb 
The Teaching of Elementary Science in the Grades. H. A. Webb 


NEW YORK UNIVERSITY, New York City. 


Biology—General Principles of Biology. Di. Hussey 
siology—General Biology for ‘Teachers, Mr. Barrows 


The Teaching of Biological Science in the Secondary School. 
Dr. Wheat 
Chemistry—General Inorganic Chemistry. Dr. Miller 
The Teaching of Science in High Schcol—Group I, Chemistry : 
Group II, Physics; Group TIT, Seience in the Trade School. 
Dr. Bedford 
The Teaching of General Science—Group I, General High School ; 
Group II, Trade School. Dr. Bedford 


Diamonds whose properties have been altered by the action 
of ultra-violet light are restored to their original condition 
under the action of ultra-red light more quickly than when 
kept in the dark. 

Gas lighting of cars is gradually giving way to electric 
lighting. The “straight storage system” of car lighting has 
almost disappeared. The “head end system,” in which the 
current is obtained from a steam-driven dynamo in the baggage 
car, is also going out of use. The “axle generator system” is 
being used in their places. In this system each car is its own 
power plant, having a dynamo operated from the axle of the 
car. ‘This dynamo provides current for lights and charges a 
storage battery which gives current for lights when the car is 
not moving. 

Progress has been made towards producing a gas fiilament 
lemp of low voltage life. Tests on experimental lamps have 
given a run of 400 hours without appreciable change. The 
lamps have not, however, yet reached a commercial stage. 
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Slow Motion Pictures 
A New Aid to Scientific Study 





Now Practical and Inexpensive with the 
VICTOR CINE CAMERA 


The VICTOR AUTOMATIC CINE CAMERA has a special 
adjustment for taking action at a very high speed so that when the 
pictures are later projected the effect of “Slow Motion” is obtained. 


For instance, a record breaking “ hundred yard dash” in slow motion 
pictures would show the runner in a series of apparently effortless, 
graceful, deliberate strides—whose slow movements would afford 
ample opportunity for intensive study and instruction. 


Normal speed as well as slow motion pictures can be taken with the 
VICTOR AUTOMATIC CINE CAMERA. Other specia 
features are described in an interesting descriptive booklet which wil 
be gladly sent to anyone upon request. Write for yours today. 


VICTOR CINE SALES CORP. 
DAVENPORT, IOWA 


242 W 55th Street 38 So. Dearborn Street 
NEW YORK CHICAGO 























































The New Books 


Life and Evolution—Homes—-449 pages—227 
Brace and Company. 


forms.” 
biology, yet not in the manner of a text-book. 


reading and is non-technical enough to be 
untrained in this field. 


Orientation,’ 
Morphology, Embryology, Paleontology and 


and “The Eugenie Predicament.” 


Company. 


Directions and data tables are given in 


The Surface History of the Karth-—Joly 


“The surface history dealt with in this 
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“The aim of the present volume is to serve as an introduction to 
the study of biology. The subject matter has been chosen to meet 
the needs of general students, rather than prospective specialists in 
different branches of science. . . . It has been my aim to present 
those aspects of biology which will best prepare 
appreciating the great changes in our outlook upon the world, which 
have resulted from discoveries and generalization in regard to living 


This is a fascinating book. It covers the 
It is most interesting 


The first eight chapters cover the structure of plant and animal 
life, from the one-celled forms to the higher plants and animals, 
Then is taken up Embryonic Development, The Perpetuation of Life, 
The Development of Social Life, Association, Regeneration, Heredity 
and Variation, and Heredity and Environment. 

Chapter XVI takes “Organic Evolution,’ under the heads “Historical 
“General Evidences,” and “Evidence from Classification, 


tion.” The last two chapters are, “How is Organic Evolution Caused” 
Each chapter has a bibliography of supplementary reading. 


book contains a glossary of terms used, giving meaning and origin. 
Every general science teacher should read this book. 





Physics Experiment Sheets—Nelson—60 experiments 


column covering the 
left half of the page. The right half is left 
calculations. Thought questions are scattered throughout the direc- 
tions. Many of these cuestions require real thought to answer and 
may not be answered directly from the results of the experiments. 
(Qfuestions to be answered by direct observation 
are given to lead the thought in the right direction and to focus 
attention on points which might be overlooked by the student. 


the experiment 


$3.00—Oxford University Press, American Branch, 


upon two great recent advances in our knowledge 
crust: the radio-activity of the rocks and isostasy.” 

This book brings forth some new and startling ideas. 
as the source of tides in the liquified substratum of the earth, allow- 
ing the accumulated radio-active heat of ages to escape, thus allow- 
ing life to survive throvgh the great time periods, is one of the ideas 
presented. “Our old-fashioned gift of rejuvenation: 
after age to almost the same starting point.” 

The chapter titles are: 1, The Earth’s Surface Structure; 
tasv: 3. The Continents and the Substratum; 4. The Radio Activity of 
the Rocks; 5. The Decipherment of Surface History ; 
of Revolutions; 7, The Building of the Continents; 8, 
tions: 9. Geological Time: 10. The Dominance of 
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The Clark and The Brewer 
—= Teachers Agency omen 





B. F. CLARK ‘43rd Year H. D. HUGHES 





PLENDID positions for normal graduates 

in grades and junior high schools. High 
school vacancies for four year graduates. 
Write for prospects of professional prefer- 
ment. 





New York City: Flatiron Building 
Baltimore: 211 N. Calvert Street 
Pittsburgh: Jenkins Arcade 
Minneapolis: Globe Building 

Chicago: 64 E. Jackson Boulevard 
Kansas City: N. Y. Life Building 
Spokane, Wash.: Chamber Comm. Bldg. 


eS One registration Registers you 
permanently in all seven of fices. 


No extra charge. 


Publishers of 
Brewer’s National Educational Directory 
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The Measurement of Achievement in Geography—Branon—186 pages 
Maemillan Company. 

“This book has been written with the hope that other teachers will 
be assisted to realize the many advantages that come from the use 
of properly devised tests.” 

The chapter headings will best give the scope of this book: 1. Use 
and Value of Tests in Geography; 2. 'The Need for Object’.> Tests in 
Geography; 3. Criteria for the Determining of Test Mat. ial; 4. The 
Selection of Geographical Material for Tests; 5. The Mechanics of 
Geography Tests; 6. Place Geography Tests; 7. Factual Geography 
Tests; 8. Problem Tests in Geography; 9. The Classification of the 
Details of Geography; 10. The Relation of Assisted and Unassisted 
Memory Recall Tests; 11. Available Tests and Seales in Geography ; 
12. Practice Tests in Geography; 13. The Interpretation of the 
Results of Objective Measurements. 


Introduction to Piske Science—Hart—-306 pages—-199 cuts—$1.50 
Oxford University Press, American Branch, New York. 

This is a text-book of high school grade. Like many of the Eng- 
lish texts it is notably thinner than its corresponding American 
text-books, but nevertheless covers the ground. 

The author of this text says: “No text-book can replace the per- 
sonality of the teacher. It is for the teacher to insure that the 
danger of tedium by too much laboratory work must be avoided; 
it is for him or her to see that the spirit of science is kept alive 
by that variety of material and method that is so plentifully avail- 
able to all that seek it. Experiments are given with the text-book 
work, Experimental work figures largely in the earlier chapters of 
this book Gradually, after the method and habit of experimenting 
become established, the number of formal experiments diminishes, 
xnd more rein is given to the descriptive side.” 





The turpentine and rosin industry is of considerable im- 
portance in the United States, as indicated by figures recently 
put out by the Bureau of Chemistry of the Department of Ag- 
riculture. The various industries which use these products 
in their manufacturing reported that during the calendar year 
1924 they used a total of 6,739,000 gallons of turpentine and 
864,850 round barrels of rosin. The manufacturers included 
in these reports are makers of paint, varnish, soap, paper, 
rosin oil, pitch, printing ink, shoe polish, leather dressings, 
sealing wax, fly paper, insulating material, oils, greases, lin- 
oleum, roofing, automobiles and wagons, malleable iron and 
steel, pharmaceuticals, woodenware, and the operators of ship- 
yards. Paint and varnish, shoe polish, leather dressings, and 
the automobile industry use the greater part of the turpen- 
tine, while the paper and paper size, varnish, soap, rosin oil, 
pitch, and printing-ink makers use by far the larger part of 
the rosin. 
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FOUR ESSENTIAL ITEMS 
for the Lecture Table are 


A Universal Rotator 
A Good Air Pump 
A Dependable Static Machine, 


The Hartl Optical Disc 








No. F6402, Shown in Use With Hart! Optical Disc 


A HARTL OPTICAL DISC 


(REG, U. S. PAT. OFF.) 


Combined with the Cenco Parallel Ray Illuminator 
Constitutes a complete laboratory for teaching light 


No. F6401. HARTL OPTICAL DISC ....... .. $22.50 
Complete with all necessary accessories 

No. F6402. ILLUMINATOR, Cenco Paraliel Ray . . . . $20.00 
Complete, ready to attach to any lamp socket 


CENTRAL, SGUENTHIELS, Compan 
‘ as... m~ASparaty NO “Gaue” 
4co L. “ —- USAA 











Owed to the Chemist 


The chemist, they say, isn’t getting his due; his salary checks 
are too meager and few. Not seldom the business depends on 
his skill; without him the earnings would be about nil. Yet, 
while he’s inventing new things by the score, the credit is left 
at the president’s door. “The chemist? Oh, yes, he plays 
‘round with his smells, but executive ‘pep’ is the factor that 
tells.” The chemist works out a new process or two, saving 
millions that formerly went up the flue. Do they therefore 
promote him and double his pay, and give him a big block of 
stock if he’ll stay? More likely they tell him that business 
is bad, that profits are minus and prospects are sad; but if 
he’ll continue to work his poor head off, they possibly might 
stave the ruin they dread off. For, in spite of the moralists, 
all of us know that many earn less than the service they show, 
and an income that runs to the millions oft comes from a 
Jack-Horner-habit of grabbing the plums. The men with the 
test-tubes need more self-esteem; they must show they are not 
as content as they seem. For they’d like to get more than an 
office-boy’s pay, and know that their training was not thrown 
away. And it isn’t for lucre alone they are yearning, although 
they would like to receive what they’re earning; but they want 
to be valued at what they are worth, and then they will feel 
more content with their berth. 

If chemistry’s really important to us, we can’t leave the 
chemists to chafe and to euss. For virile young men, when 
they see how they fare, will go into law or take up cutting 
hair. Now a dearth of trained chemists will leave such a gap, 
it would mean to the country a big handicap. Employers and 
chemists and public at large, for the sake of the future, con- 
sider this charge. Ignoring the scientist, sooner or late, will 
bring the whole craft to an ignoble state. And so, if we wish 
to see science advance, we all must assist its prestige to enhance. 
q 


o here’s to the chemists, and high may they climb; may 
thev win all the credit they merit in time.—The Nucleus. 


512 








rs 

















~ ee 














THE BRAYCO PROJECTOR 


A Visual Aid in the Teaching of the Sciences 





CHEMISTRY, PHYSICS, BIOLOGY, NATURE 
STUDY and GENERAL SCIENCE may now be 
taught effectively by means of this portable class 
room projector. 


BRAYCO is a scientifically constructed still 
picture projector which uses st:ips of standard 
size non-inflamable films instead of the heavy, 
fragile glass slides. 


FOR THE LABORATORY, BRAYCO will mag- 
nify and project the minutest forms on a micro- 
scopic slide. Instead of the slow and unsatisfac- 
tory process of having each pupil examine it under 
the microscope one at a time, the slide can be 
thrown on the wall, and seen and discussed by 
the entire class at once. 


THE BRAYCO FILM COLLECTION is rich in 
science subjects, prepared by educational authori- 
ties. Purchase prices range from 50c to $3 per 
complete lesson. Send for complete classified 
catalogue. 


THE BRAY LABORATORIES are equipped to 
make up special films from photographs, drawing, 
x-ray or stereopticon slides. 


Price $35.00 Complete, Ready for Use 
BRAY SCREEN PRODUCTS 
(INCORPORATED) 

130 West 46th Street, New York City 
SEND 


FOR DESCRIPTIVE 











Brayco at a glance 


Weighs 4 pounds. 

Adjusts to any elec- 
tric light socket, 
or auto or storage 
battery. 

Resistance cord sup- 
plies necessary re- 
duction of voltage. 

It is simple to oper- 
ate. A child can 
use it. 

Uses standard width 
film; 16 pictures 
per foot. 

Has been thorough- 
ly tested for fire 
hazard. 

Projects pictures 
from 5 by 8 inches 
to 8 by 10 feet on 
any floor, wall or 
ceiling. 

Costs about one cent 
an hour to operate. 

Will project a single 
picture continu- 
ously without in- 
jury to film. 

Film can be moved 
backward as easily 
as forward. 

Is equipped with 
standard auto bulb. 





LITERATURE 

















Science Articles in Current Periodials 


[These classified articles should make valuable supplementary reading for 

the pupils. In some cases the material is in such form that it would be 

too difficult for many of the pupils to abstract the matter for themselves 

In such cases the article may be read by the teacher and passed on to the 

pupil in class. Such articles are starred. Articles for professional reading 
are at the end of the classified list.] 


AQUARIUM 


Building an Aquarium. Sei. and Inv., Mar. 1926, p, 1020. 


ASTRONOMY 
The Death of the Universe. Lit. Dig., Dec. 26, 1925, p. 16. 
*The Study of the Sky in Europe. Sci. Mo., Feb. 1926, p. 89. 
Morning and Evening Stars for 1926. Pop. Astron., Jan, 1926, 
» 23. 


The Moon’s Atmosphere. Sci. and Inv., Mar, 1926, p. 1005. 


SACTERIA 


*Do Bacteria Have Disease. Sci. Mo., Feb. 1926, pp. 123 and 1 


~ 
“2 


BRIDGES 
Bridging the Rivers of the World. Pop. Mechs., Mar. 1926, p. 311. 
CLEANING 
Origin and Removal of Stains. Dyestuffs, Dec. 1925, p. 176. 
COMBUSTION 
Fires and Spontaneous Combustion. What is a Fire? Traveler's 
Standard, Nov. 1925, p. 228. 
CONSTRUCTION 
Materials of Construction. Journ. of Chem. Edue., Jan. 1926, 
p. 59. 
CRYSTALS 
Paper Models of Crystal Structure. Sei. and Inv., Feb. 1926, 
p. 921. 
EARTHQUAKES 
*Karthquakes. Sci. Mo., Feb. 1926, p. 141. 
FERTILIZERS 
*Nitrogen as a Plant Food. Journ. of Chem. Fdue., Jan. 1926, 


p. 50. 


77 
OOD 


Our Future Flour Supply. Jour. of Home Econ., Feb. 1926, p. 68. 


HELIUM 


Helium and Natural Gas. Jour. of Chem. Edue., Jan. 1926, p. 45. 
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MODERN SCIENCE BOOKS 


Introduction to General Chemistry 
30 illustrations Cloth, $2.00 


An exposition of the principles of modern chemistry. The Translator says; “ Those 
who like myself began the study of chemistry after the middle of the last century will 
find many points of difference between this book and the manuals of the early days.” 


By H. Copaux (Psris) Translated by H. Leffmann (Philadelphia) 


Philosophy and the New Physics 
12 mo. cloth, $1.75 
An essay on Relativity and Theory of Quanta 








Professor Rougier’s very wide reading in mathematical and experimental physics has 
enabled him to present and interpret the new advances in physics in a way which 
should prove of great interest to both philosopher and physicist. This book marks a 
measuarable advance toward a confluence of the broad streams of philosophical and 
scientific enquiry. 

By L.. Rougier (Paris) Translated by Morton Masius, Ph.D. (Worcester Polytechnic) 


P. BLAKISTON’S SON & CO., ‘oiz’Watnut streee Philadelphia 








Thousands gf High School Teachers Read the 
JOURNAL of CHEMICAL EDUCATION 


It is for the devoted teacher of chemistry and other sciences 


1. The best teachers in the universities and high schools of this 
great nation are its contributors. 


2. Discussion of minimum and maximum syllabi for the high 
school and college course is taking place in almost every issue. 


3. Its primary object is to make chemistry teaching in America 
second to none. 


4. Half of each issue is devoted to general informational articles 
written in non-technical language. 


IT IS THE ONLY JOURNAL OF ITS KIND IN THE WORLD 


TEAR OUT THIS COUPON AND MAIL IT 











Kodak Park JOURNAL OF CHEMICAL EDUCATION Rochester, N. Y 

heck 
pe tal ye (month) number. My ronal order § Of $2.00 
| Name ——— - SS ee - a 


| Streei 

City — - —State 
Over one hundred pages of interesting reading tssued on the fifteenth of each month. 

May we not send you a free sample copy ? 
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HUMIDITY 
How to Put Humidity in Your Home. Hygeia, Jan. 1926. p. 11. 


HYDRAULICS 


> 


How Floating Drydocks Operate. Sci. and Inv., Feb. 1926, p. 898. 
INSECTS 

Insects of the Snow. Lit. Dig., Jan. 9, 1926, p. 22. 
LIGH' 

Black Light. Lit. Dig., Feb. 6, 1926, p. 23. 

Michelson Holds the Stop-watch on a Ray of Light. Amer. Mag., 

Jan, 1926, p. 24, 

LINEOLEUM 

From Earthern Floors to Linoleum. Pop. Mechs., Feb. 1926, p. 211. 
Moon 


See Astronomy. 


METEORS 


Mining for Shooting Stars. Lit. Dig., Feb. 13, 1926, p. 


PHYSIOLOGY 
How Many Tastes Are There? Li Dig., Feb. 6, 1926, p. 22. 
Our Danger Points. Lit. Dig., > . 6, 1926, p. 25. 
PRECIOUS STONES 
Famous Diamonds. Mentor, Dec. 1925. 


Hunting Hidden Treasures. Pop. Mechs., Mar. 1926, p. 419. 


RADIO 


_ 
@ 


*Radio Transmission of Music. Sci. Mo., Feb. 1926, p. 158. 


(Because of the many magazines devoted to Radio alone, and the 


extensive departments devoted to this subject in most scientific maga- 
zines, radio articles are too numerous to list separately.) 


RELATIVITY 
Is Einstein Right? Sci. and Inv., Mar. 1926, p. 991. 


SAFETY TEACHING 


Home Accidents and Their Prevention. Uygeia, Jan. 1926, p. 45. 


SILK 

Solving Silkworm Secrets. Pop. Mechs., Feb. 1926, p. 228. 
SOUND 

Teaching Deaf Children to Talk. Pop. Mechs., Mar. 1926, p. 455 
SUBMARINE 

A Dollar for Every Dive. Pop. Mechs., Feb. 1926, p. 219. 


SULPHUR 


Mining Sulphur with Hot Water. 









































The Optical Disk With the Enameled Dial 





OPTICAL DISK No. 502 K 


IT’S A MILVAY! 


The enameled dial on the Milvay Optical Disk makes 
better demonstration in optics possible. Pure white in 
color, it provides a more striking contract between the 
light and shaded portion ofthe Disk. As a consequence 
the rays stand out in bolder relief and the student can 
trace their path across the face of the Disk and through 
the lenses, prisms, etc., with greater ease and accuracy. 
All the fundamental laws of optics can be demonstrated 
in a clearer and effective manner with the Milvay. 


Complete description in the Milvay catalog. 


If you have not the Milvay catalog send for it. It’s free. 


CHICAGO APPARATUS COMPANY 


Milvay Scientific Instruments 
1735 N. Ashland Avenue, Chicago, Illinois 
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TRANSMUTATION OF ELEMENTS 


Have the Modern Alchemists Succeeded? Lit. Die., Feb. 6, 1926, 
p. 24. 


‘TRANSPORTATION 


Strange Methods of Transportation Where Machines are Still 
Unknown. Pop. Mees., Feb. 1926, p. 280. 

A Hundred Years of Railroad Progress (10 pictures). Comm, 
Amer., Feb. 1926, p. 26. 


WATER POWER 


The Power of Five Niagaras. Sei. and Inv., Mar, 1926, p. 24. 


WATER SUPPLY 
Water Supplies Graded. Amer. City, Jan. 1926, p. 67. 
WEATHER 
A Fascinating New Radio Hobby. Sei. and Inv., Mar. 1926, p. 60. 
Measuring the Sun’s Heat and Foreeastine the Weather. Nat. 
Geog., Jan, 1926, p. 111. 
Is the Climate Changing? Lit. Dig.. Jan. 8, 1926, p. 18. 


PROFESSION AL 

Apparatus Needed for General Science. Sch. Sei. and Math., Jan. 
1926, p. 28. 

Objectives of Natural Science. Sch. Sei. and Math., Dee. and Jan. 
1926. 

Science or Sciences. Sch. Sei. Rev., Dee. 1925, p. 707. 

What May We Hope from the General Science Course? Sch. Sei. 
and Math., Feb. 1926, p. 121. 


Magazine List 


imerican City. 443 Fourth Ave., New York City. Monthly. $4.00 a 
year, 50c a copy. The science problems of city and rural com- 
munities are treated in numerous articles, well illustrated. A 
valuable student and teacher reference. 


The American Food Journel. 25 E. 26th St., New York City. Monthly. 
$3.00 a year, 25ec a copy. Articles on food manufacture, food 
legislation, and experiments in nutrition. 


Commercial Americ¢e, Philadelphia Commercial Museum, Vhiladel- 
phia, Pa. $2.00 a year. [l. Commercial production. New inven- 
tions. Will interest commercial geography and science teachers 


Current Opinion. 65 W. 36th St., New York City. Monthly. 35e¢ a 
copy, $4.00 a vear. Has a regular department “Science and Dis- 
covery,” containing articles of popular interest, adapted to pupils 
or teachers. 


The Educational Screen. 5200 Warper Ave., Chicago. Monthly. 15¢ a 
copy, $1.00 a year. Discusses the use of movies in our schools; 
gives brief descriptions of educational films and lists theatrical 
films which are suitable for children. ‘The journal is entirely 
educational, havine no commercial afliliations. 























HUNTER and WHITMAN’S 
Civic Science in Home and Community 


a ren citizenship is the ultimate aim of this book for 

boys and girls from twelve to fifteen years of age. It treats 
of community matters in a way which appeals to the pupil and 
spurs him on to work for ideal conditions in his environment. 


The first step begins with the home. Boys and girls are 
naturally interested in home processes and home impr»vement. 
This book makes them realize that the principles of science 
from the basis of right home living as well as of good govern- 
ment. Before they can become good citizens— citizens who 
are well-informed and rational-thinking—they must understand 
these fundamental scientific principles. 


Each chapter is introduced by a list of problems setting 
forth what is to be accomplished and these are followed by a 
list of projects. A feature not found in other General Science 
texts is the inclusion of numerous score cards linking the 
school work with real life outside. 


In accordance with the recommendation of the bulletin “‘ Reor- 
ganization of Science in the Secondary Schools,’’ this book includes 
Hygiene. 


Civic Science in Home and Community ... $1.60 
Civic Science Manual (Loose Leaf) ..... $1.20 


By GEORGE W. HUNTER, Ph.D., Professor of Biology, Knox 
College, Galesburg, Illinois; formerly Head of Department of 
Biology, DeWitt Clinton High School, New Y ork, and WALTER 
G. WHITMAN, A.M., Editor, General Science Quarter!y ; Physi- 
cal Science Department, State Normal School, Salem, Mass. 





AMERICAN BOOK COMPANY 


NEW YORK CINCINNATI CHICAGO BOSTON ATLANTA 
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Garden Magazine. Garden City, N. Y. Monthly. 25¢ a copy, $3.00 a 
vear. Ill. Helpful to amateur gardeners, teachers and pupils. 


General Science Quarterly. Salem, Mass. Quarterly. 40¢ a copy, 
$1.50 a year. ‘The only journal published devoted alone to science 
in the elementary and secondary schools. It tells what schools 
are doing in science, gives lesson plans, demonstrations, and an 
extensive bibliography of usable articles in current periodicals. 


The Geographical Review. Broadway at 156th St., New York. Quar- 
terly. $1.25 a copy, $5.00 a year. Devoted to scientific geography. 
Original maps and pictures. One department contains condensed 
items of topics of current interest. 


The Guide to Nature. Sound Beach, Conn. Monthly. 15¢ a copy, 
$1.50 a year. Ill. Of interest to elementary pupils and teachers 
of nature study. 


Hygeia, 535 No. Dearborn St., Chicago. Monthly. 25¢ a copy, $3.00 
a year. Popular articles on individual and community health. 
A valuable supplement to classroom work in hygiene. 





Industrial and Engineering Chemistry. Boox 505, Washington, D. C. 
Monthly. 75¢ a copy, $7.50 a year. A technical journal which 
contains much material which teachers can use. 


Industrial Education Magazine, Peoria, Illinois. Monthly. $1.50 a 
year, 25c a copy. An illustrated magazine, which is indispensable 
to the shop instructor and to others who would “keep up” in 
industrial education. 


Journal of Chemical Education. Easton, Pa. Monthly. $2.00 a year. 
Promotes chemical education; primarily a journal for the chem- 
istry teacher. Digests of activities of chemical associations. 


Journal of the Franklin Institute. Philadelphia, Pa. Monthly. 50 
a copy, $6.00 a year. Ill A technical journal. Contains many 
articles of value to science teachers. 


Journal of Home Kceonomies. 1121 Cathedral St., Baltimore. Monthly. 
25¢ a copy, $2.50 a year. For teachers. 


The Literary Digest. 354 Fourth Ave., New York. Weekly. 10¢ a 
copy, $4.00 a year. Has a department “Science and Invention.” 
Articles are mostly digests from other journals. They are popu- 
lar in nature and suitable for high school pupils. 


Vational Geographic Magazine. Washington, D. C. Monthly. 50e a 
copy, $3.50 a year. Best monthly journal for high-grade pictures. 
Articles are of interest to general reader, pupils and teachers, 
as well as to geographers. 


The Natiows Health. 22 FE, Ontario St., Chieago, Ill. Monthly. $3.00 
a year, 25¢ a copy. An illustrated magazine devoted to com- 


munity, industrial and institutional liealth problems. Very help- 
fu Ito the science and hygiene teacher. 





Vature Magazine. 1214 16th St., Washington, D. C. Monthly. 25¢ a 
copy, $2.00 a year. A nature magazine, with popular articles 
exceptionally well illustrated. Includes what was formerly 
“Nature Study Review.” 
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Popular Mechanics Magazine. Chieago. Monthly. 25¢ a copy, 
$3.00 a year. Short science items and articles, well illustrated. 
Appeals strongly to elementary pupils. Suggests many construc- 
tion problems. 


Popular Science Monthiy. 225 W. 39th St., New York City. Monthly. 
$2.50 a year, 25c a copy. A review in text and pictures of the 
news of science and invention, presented in a humanistic and 
inspirational way. Used as a supplement to text-books in many 
high schools. Valuable to science pupils and teachers. 


Monthly Guide for Science Teachers. Issued by “Popular Science 
Monthly,” October to June. 25¢ a year. A valuable teacher's 
aid, giving lesson plans, experiments, and many reference sugges- 
tions for secondary science teachers. 


Practical Electrics, New York City. Monthly. 20e a copy, $2.00 a 
year. This is especially suggestive to boys who are making 
things electrical. There are numerous articles on electrical topics. 






Radio News, 53 Park Place, New York City. 25¢ a copy, $2.50 per 
year. Monthly. A _ practical periodical for all who are inter- 
ested in radio. Gives radio progress, new hook-ups, and gives 
much help to one who may wish to construct his own set. 


Reriew of Reviews. 30 Irving Place, New York City. Monthly. 35e¢ a 
copy, $4.00 a year. An illustrated monthly covering world affairs. 
Contains many good articles bearing on science, suitable for class 
reports, 


Safety Engineering. 80 Maiden Lane, New York. Monthly. $3.00 a 
year. 25c a copy. A journal devoted to conservation of life and 
property. and contains much material helpful in science classes. 


School Science and Methematics. Chicago. Monthly. $2.50 a year 
A teacher’s journal. Includes mzny helpful suggestions. 


Scicutifice American, Woolworth Tuilding, New York. Monthly. 35 
a copy, $4.00 a year. Has longer articles than the other popular 
science journals. Illustrated. and is particularly valuable to 
high school science pupils and teachers. 


Science and Invention. 53 Park Place, New York City Monthly. 
25¢ per copy, $2.50 a year. Ill. Popular articles on astronomy, 
physics, photography, radio-activity, medicine, and, in fact, science 
in general. 








Scientific Monthly. Garrison, N. Y. 50¢ a copy, $5.00 a vear. Arti- 
cles, as a rule, are more along lines of pure science. Much of 
value to teachers. Articles can be read to advantage by many 
pupils. 


Science News-Letter. Science Service, 1115 Connecticut Ave.. Wash- 
ineton, D. C. Weekly. 10¢ a copy. $5.00 a year. Gives a valu- 
able current summary of the progress of science, in a form 
usable in science classes 


Transactions of the Illuminating Engineering Society. 29 West 39th 
St.. New York. Monthly. $1.00 a copy, $7.50 a year. Technical. 
Manv articles contain material which can be used in high school 


classes. 





How Fast is the Wind Blowing ? 


Many people have extremely vague ideas about the velocity 


of the wind, just as others are unable to gauge correctly the 
speed with which they may be traveling in an automobile. 
The two cases are not entirely comparable, because a large, 
heavy car may be going very fast without giving its occupants 
that impression, whereas a small, tight one will bounce and 
vibrate alarmingly at a much lower rate of speed. 

Our impression of wind velocity, however, may be affected 
by various factors, such as temperature, moisture in the air, 
topography, and even the condition of our skins. A cold wet 
wind may blow no harder than a warm dry one, but it will 
seem to. 

Just as the actual speed of an automobile may be measured 
by its speedometer, wind velocity may be measured by an 
instrument called an anemometer. According to the specifica- 
tions of what is known as the Beaufort scale, the Weather 
Bureau of the United States Department of Agriculture gives 
the following rates for winds corresponding successively to 
numbers on the Beaufort scale from 0 to 12. When the wind 
blows less than 1 mile an hour, the air is said to be “calm.” 
“Light air’ means a wind rate from 1 to 3 miles per hour; 
a “slight breeze,” from 4 to 7 miles; “gentle breeze,” 8 to 12; 
“moderate breeze,” 13 to 18; “fresh breeze,” 19 to 24 miles 
per hour. At 25 miles an hour we have a “strong breeze,” 
which is called a “high wind” from 32 to 38 miles hourly; 
39 to 46 miles an hour constitutes a real “gale.” When sea- 
men talk about a “strong gale,” the weather-man interprets 
it as a wind blowing between 47 and 54 miles an hour; a 
“whole gale” is from 55 to 63 miles, and is as severe as most 
of us care to encounter. A “storm” wind ranges between 64 


“ 


and 75 miles an hour, and above 75 miles any wind becomes a 
“hurricane.”—U. S. Department of Agriculture. 
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